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Introduction  to  GLOOM 

The  original  version  of  GLOOM  (Game  in  the  _Logic  of  _Operating  in  an 
Oligopoly  Market)  was  an  oligopoly  pricing  game  written  in  the  fall  of  1967. 
It  was  designed  to  be  used  in  conjunction  with  a  classroom  discussion  of 
theoretical  and  observed  behavior  in  concentrated  markets.   GLOOM  has  been 
employed  both  at  the  Sloan  School  (in  tv;o  courses)  and  at  the  Amos  Tuck 
School,  Dartmouth. 

The  new  version  of  GLOOM  is  also  an  oligopoly  pricing  game,  but  it 
provides  both  students  and  instructor  with  more  choices  and  more  information 
than  did  the  old  GLOOM.   It  should  be  much  more  interesting  for  all  involved, 
and  it  has  greater  potential  as  a  research  tool.   The  new  GLOOM  was  written 
in  the  summer  of  1968.   The  author  would  like  to  thank  the  Sloan  School  for 
financial  support  and  Pauj  MacAvoy  for  proposing  this  project  and  providing 
invaluable  advice  and  suggestions.   All  errors  are,  of  course,  my  ov/n. 

Students  playing  GLOOM  are  divided  into  firms.   Each  firm  begins  with 
fixed  costs  of  $50,000  and  variable  costs  of  $.50  per  unit.   All  firms 
have  a  capacity  of  100,000  units.   Each  firm  must  post  a  price  in  each 
period;  its  sales  will  then  be  calculated  as  a  function  of  its  price,  the 
prices  of  other  firms  selling  in  the  same  market,  and  a  random  element. 
Students  are  told  that  in  the  preceding  period  all  firm  charged  $1.00,  and 
all  sold  100,000  units. 

The  instructor  may  vary  the  demand  structure  from  industry  to  industry. 
He  may  also  elect  to  vary  the  legal  framework.   To  date,  students  have  been 


subject  to  three  sets  of  laws: 

1.  The  Sherman  Act:   All  conspiracies  in  restraint  (if  trade 
are  illegal. 

2.  The  English  Common  Law:   Firms  may  collude  on  price  and/or 
agree  to  make  side  payments,  but  such  agreements  are  not 
enforceable . 

3.  The  (representative)  German  Kartell  Law:   Firms  may  collude 
on  price  and/or  agree  to  make  side  payments,  and  any  such 
agreements  are  enforceable. 

Penalties  for  conspiracy  or  for  violating  enforceable  cartel  agreements 
must  be  imposed  by  the  instructor:   he  is  the  enforcer. 

GLGOM  provides  three  other  options.   First,  it  may  be  specified  that 
entry  into  one  or  more  industries  is  allowable.   It  if  is,  a  fixed  cost  per 
oeriod  will  be  charged  any  entrant,  and  he  will  lower  the  demand  curves  of 
firms  already  present.   The  entry  costs  should,  of  course,  be  revealed. 
Second,  firms  operating  in  some  industries  may  be  permitted  to  make  and  ac- 
cept side  payments.   Payments  made  _to  a  firm  ineligible  to  receive  them 
will  be  debited  to  the  payer  but  not  credited  to  the  payee.   Payments  made 
by  a  firm  ineligible  to  make  them  V7ill  be  ignored.   Negative  side  payments 
will  be  treated  as  positive.   Again,  students  should  be  told  in  v;hich  indus- 
tries side  payments  are  allovjed. 

?ir.'-l''y,  the  instructor  can  vary  the  amount  of  information  given  firms 
opera tir-S  in  each  industry  about  conditions  in  other  industries  and  about 
the  actions  of  their  competitors.   If  certain  figures  are  not  available  to 
a  firm,  they  will  show  as  zeros  on  its  output. 


Tlie  mechnnics  of  GLOOM  from  the  point  of  vievj  of  the  student  are 
almost  absurdly  simple.   Runs  V7ill  be  made  each  day.   Each  firm  must 
submit  a  firm  card,  punched  as  shown  in  Exhibit  I.l,  which  will  remain  in 
force  until  a  new  card  is  submitted.   Identification  must,  of  course,  be 
shown  before  anyone  is  allowed  to  replace  a  firm  card. 

The  only  item  in  Exhibit  I.l  that  requires  comment  is  the  number  of 
copies  of  interim  output  to  be  printed.   Unless  there  is  a  very  good  reason 
to  the  contrary,  this  number  should  be  set  at  one,  to  save  computer  time. 

At  the  end  of  the  game,  each  student  will  receive  a  copy  of  summary 
output,  giving  information  not  provided  by  the  interim  output.   Each  stu- 
dent should  be  required  to  write  a  short  paper  analyzing  the  experience  of 
his  firm.   Grades  on  the  overall  exercise  should  be  based  on  some  weighted 
combination  of  the  grades  on  these  papers  and  the  earnings  of  the  various 
firms. 

Chapter  II  V7ill  discuss  the  mechanics  of  GLOOM  from  the  point  of  view 
of  the  instructor.   Chapter  III  will  go  over  the  parameter  specifications 
he  can  make.  Chapter  IV  discusses  the  effects  of  entry  and  exit  and  outlines 
the  method  used  to  calculate  sales,  profits,  and  unfilled  orders.   Chapters 
V  and  VI  discuss  the  calculation  and  interpretation  of  certain  figures 
appearing  on  the  instructor's  output  which  are  used  to  evaluate  firm  and 
industry  performance. 

Appendix  A  lists  the  mnemonic  formats  for  all  input  cards  to  GLOOM. 
Appendix  li  explains  the  mnemonics  used  in  this  paper  and  the  computer  pro- 
grams.  Appendices  C  -  G  list  the  programs  that  compose  GLOOM,  and  Appendix 
II  gives  sample  output. 
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Exhibit  I.l 


Format  for  Firm  Cards 


Columns  Confronts 


01  -  %  The  four  digit  (no  decimal  point)  firm 

number  -  to  be  assigned.  Consists  of  a 
two  digit  original  industry  number  and 
a  tv;o  digit  firm  number. 


05  -  06  The  industry  the  firm  is  to  operate  in, 

if  different  than  the  original  industry. 


07  Tne   number  of  copies  of  interim  output 

to  be  printed. 


OS  -  13  The  price  to  be  charged  (punch  a  decimal 

point) . 


lA  -  17  The  four  digit  firm  number  of  the  firm 

to  which  a  side  payment  is  to  be  made  - 
if  any. 


18  -  25  The  amount  of  the  side  payment  -  if  any 

(punch  a  decimal  point). 


Basic  Mechanics 

T.\is   chapter  ulll  describe  the  mechanics  involved  in  making  a  GLOOM 
run  and  in  administering  the  exercise  as  a  whole.   GLOOM  is  composed  of 
a  main  program  called  GLOOM  and  four  subroutines:   GRl^UM,  RGIN,  PGOUT, 
and  CAR.   These  routines  are  listed  in  Appendices  C  through  G  as  v;ritten 
in  Fortran  II  for  the  1620  II  system  at  the  Sloan  School.   This  version 
can  handle  a  maximum  of  ten  industries  with  a  maximum  of  ten  firms  operat- 
ing in  them.   (Normally,  of  course,  you  will  begin  with  four  or  fewer 
firms  in  each  industry.)   Conversion  to  other  Fortran  systems  should 
present  few  problems,  as  only  GRl'IUM  (the  random  number  generator)  v;ould 
need  to  be  changed  to  fit  tlic  machine. 

Tnese  programs  take  up  a  lot  of  space.   So  much,  in  fact,  that  it  is 
necessary  to  treat  RGIN,  PGOUT,  and  CAR  as  LOCAL  subroutines.   That  is, 
they  are  kept  on  the  disk  until  called  by  the  main  program,  at  v;hich 
time  they  are  read  into  core  storage.   (This  adds  some  time  to  each  run.) 

Basically,  RGE'  does  most  of  the  reading,  GLOOM  most  of  the  calculation, 
and  PGOUT  most  of  ';he  printing.   CAR  updates  some  average  ratings  which  are 
useful  in  evaluating  performance  and  which  will  be  discussed  below,  espec- 
ially in  Chapter  VI.   GRNUM  is  used  to  provide  the  stochastic  terms  in 
firm  demand  functions.   Appendix  E  may  be  helpful  in  understanding  what 
operations  arc  being  performed  by  the  programs. 

We  now  turn  to  a  discussion  of  an  input  deck  to  GLOOM.   We  will 
then  discuss  the  printed  output  produced  by  the  program.   Finally,  we  will 
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make  a  few  remarks  on  how  to  make  GLOOM  an  ungloomy  experience  for  all 
concerned . 

Input 

Exhibit  11,1  indicates  the  makeup  of  a  GLOOM  input  deck.   It  assumes 
that  the  programs  listed  in  Appendices  C  -  G  have  been  loaded  on  the  disk. 

The  first  two  cards  must  be  punched  exactly  as  shown.   We  will  discuss 
the  title  card  and  industry  cards  below.   The  format  for  the  firm  cards  was 
presented  as  Exhibit  I.l.   History  cards  are  punched  automatically  by  CAR 
at  the  end  of  each  run;  they  are  then  used  as  input  to  the  next  run.   For 
the  first  period  in  any  game,  no  history  cards  are  required  (or  available). 

The  format  for  the  title  card  is  shown  as  Exhibit  II. 2.   The  first 
output  from  GLOOM  is  a  new  Litle  card  for  the  next  period;  so  if  nothing 
but  the  period  number  if  to  be  changed,  a  title  card  need  only  be  punched 
once.   It  '.•'ill  usually  be  desired  to  obtain  only  one  copy  of  the  parameter 
sutrjnary  for  each  game,  hnwc/er,  and  only  the  average  rating  summary  pro- 
duced at  the  end  cf  the  final  period.   In  this  case,  a  title  card  must  be 
punched  for  the  first  and  last  periods.   Columns  01  -  10  should  contain 
no  decimal  points. 

The  format  for  the  industry  cards  is  given  as  Exhibit  II. 3.   Normally, 
no  ch.anges  will  be  made  in  an  industry  card  within  a  game.   If  there  are 
four  industries,  they  must  be  named  01,  02,  03,  and  04.   Similarly,  if 
three  firms  started  out  in  industry  02,  they  must  be  named  0201,  0202, 
and  02C3.   The  program  will  absolutely  not  work  otherwise. 


The  rules  governing  side  payments  were  given  in  Chapter  I,   The  Output 
Codes  will  be  discussed  in  Chapter  III,  along  with  the  meaning  and  use  of 
Monopoly  Price,  Critical  Price,  and  FK.   It  should  be  mentioned  here,  how- 
ever, that  either  Critical  Price  or  FK  should  be  punched,  but  not   both. 
If  both  are  punched.  Critical  Price  will  be  ignored,  in  the  sense  that  the 
Critical  Price  used  by  the  program  and  reported  in  the  parameter  summary 
will  be  calculated  from  FK. 

If  neither  entry  cost  is  punched,  the  program  will  assume  entry  is 
not  allowed,  and  the  entry  code  will  be  set  to  zero.   If  either  is  punched, 
the  entry  code  will  be  set  to  one,  and  the  entry  cost  in  dollars  will  be 
calculated  from  whichever  figure  is  given.   If  both  are  punched,  the  columns 
giving  entry  cost  as  a  percentage  of  original  monopoly  profit  will  be  ig- 
nored.  The  use  of  the  standard  deviation  of  the  error  term  and  the  effects 
of  entry  x^ill  be  taken  up  in  Chapters  III  and  IV. 

One  final  note:   If  columns  13  and  14  contain  "-1",  each  firm  will 
receive  as  many  copies  of  summary  output  as  they  requested  copies  of  interim 
output  (in  column  07  of  the  firm  card). 


Outou! 


GLOOM  produces  two  punched  outputs  which  were  mentioned  above:   a 
title  card  for  the  next  period  and  a  set  of  history  cards  to  be  used  in  the 
next  period.   In  addition,  the  following  printed  outputs  may  be  produced: 

1.  Parameter  Summary 

2.  Side  Payment  Summary 

3.  Instructor's  Output 
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4.  Students'  Summary  Output 

5.  Students'  Interim  Output 

6.  Average  Rating  Summary 

Appendix  H  contains  examples  of  all  these.   The  parameter  summary 
summarizes  the  parameter  specifications  made  on  the  industry  cards, 
"STD.-DEV"  is  the  standard  deviation  of  the  error  term  in  thousands  of 
units.   The  entry  cost  shown  is  in  dollars;  it  is  zero  if  entry  is  not 
allov/ed . 

The  side  payment  summary  lists  side  payments  made  by  firms  eligible 
to  make  thera.   (As  mentioned  in  Chapter  I,  payments  made  by  other  firms 
are  ignored.)   Payments  made  to  firms  ineligible  to  receive  them  are 
noted  . 

Most  of  the  instructor's  output  is  self-explanatory.   The  various 
Ratings  will  be  discussed  in  Chapter  VI,   "BEST  PRICE"  and  "EXP.  PBO" 
will  be  taken  up  in  Chapter  IV.   "ACT.  PBO"  is  the  arithmetic  average  of 
competitors'  prices,  except  in  the  case  of  a  single  firm,  when  it  is  the 
firm' s  own  price  . 

The  students'  summary  output  is  designed  to  be  given  to  students  at 
the  conclusion  of  the  game,  when  they  are  required  to  write  papers  on 
their  firm's  experience.   The  information  on  the  students'  interim  output 
may  contain  all  the  information  on  the  summary  output  except  data  on  firms 
in  the  original  industry  for  firms  that  have  entered  other  industries. 
The  information  actually  given  to  firm  operating  in  each  industry  is  govern- 
ed by  the  output  codes  for  that  industry,  as  discussed  in  Chapter  III. 
Appendix  11  contains  examples  of  the  maximum  and  minimum  amounts  of  informa- 
tion that  may  be  revealed. 


The  history  cards  contain  the  same  information  as  the  average  rating 
summary.   Subroutine  CAR  averages  them  with  the  current  period  ratings,  as 
shown  on  the  Instructor's  Output,  to  produce  new  history  cards  and  a  new 
average  rating  summary.   Tlie  averaging,  of  course,  takes  into  account  the 
number  of  periods  on  which  the  history  cards  are  based. 

Some  General  Remarks 

GLOOM  is  not  really  difficult  to  run.   A  light  reading  of  this  manual 
is  all  that  is  required  to  understand  hovj  to  make  out  the  title  card  and 
industry  cards.   Once  this  is  done,  only  a  very  short  computer  run  each 
day  is  required . 

Runs  should  be  made  every  day  so  as  to  minimize  the  artificial  nature 
of  the  experience.   If  runs  are  made  less  frequently,  students  tend  to 
regard  them  as  disjoint  events  instead  of  snapshots  of  a  continuous  process 
It  should  be  emphasized,  however,  that  until  a  firm  card  is  replaced  by  a 
new  one  the  price  and  other  information  given  on  it  continue  to  hold. 

It  has  been  the  author's  experience  that  GLOOM  moves  students  to 
heights  of  treachery  almost  unknown  in  actual  industrial  experience:   con- 
spiracy, sabotage,  and  espionage  are  common.   Industries  under  the  Sherman 
Act  do  conspire  to  raise  prices.   Student  companies  in  GLOOM  deliberately 
conspire  to  beat  the  game,  without  sufficient  regard  for  the  penalty  (a 
zero  grade  on  the  exercise).   The  real  problem,  however,  has  to  do  with 
bogus  firm  cards  submitted  by  competitors.   Tight  security  should  be  main- 
tained.  The  secretary  keeping  the  firm  cards  should  require  positive 
identification  of  anyone  attempting  to  replace  any  firm's  card,  because 
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students  have  deliberately  replaced  cards  of  other  teams  with  ones  con- 
taining destructive  orders  (such  as  million  dollar  prices).   Similarly, 
interim  output  should  be  given  only  to  those  who  can  prove  that  they  are 
in  fact  members  of  the  firm  whose  printout  they  request. 

The  oligopoly  problem  remains  even  if  students  know  the  demand  struc- 
ture. While  obviously  nothing  is  gained  by  revealing  it  to  them,  they 
should  not  be  discouraged  from  trying  to  estimate  it. 

Finally,  about  grades.  Clearly  the  papers  that  are  required  at  the 
end  of  the  exercise  should  be  important.  But  it  is  also  clear  that  some 
weight  should  be  given  to  the  profits  earned  by  each  firm  --  otherwise 
there  is  no  incentive  to  maximize.  Since  demand  parameters  will  usually 
vary  from  industry  to  industry  and  since  sales  do  depend  on  a  stochastic 
term,  dollar  profits  are  unsuitable  as  a  grading  index.  The  Ratings  are 
designed  to  fill  this  gap.  Rating  A  is  probably  the  best  for  grading  pur- 
poses; see  Chapter  VI  for  details. 
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Exhibit  II. 1 
The  Makeup  of  an  Input  Deck 


1.   A  card  with  "4*XEQSGL00M"  punched  in  columns  1  -  11  and  "01' 
punched  in  columns  29  -  30. 


2.   A  card  with  "-LOCALGLOOM,  RGIN,  PGOUT,  CAR"  punched  in  columns 
1-26. 


3.  A  TITLE  CARD. 

A.  INDUSTRY  CARDS,  one  for  each  industry  (may  be  in  any  order). 

5.  FIRM  CARDS,  one  for  each  firm  (may  be  in  any  order). 

6.  HISTORY  CARDS,  if  not  running  the  first  period. 
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•xhibit  II. 2 


"ormat  for  Title  Card 


01  ••  02  The  number  of  industries 

'3  -  "4  The  period  (run>  number 


"5  -  OG  The  number  of  copies  of  the  parameter 

summary  to  be  printed 


The  number  of  copies  of  the  side  payment  summary 
to  be  orinted 


The  number  of  copies  of  the  average  rating 
summarv  to  be  orinted 


11  -  SO  A  comment,  v;hich  will  appear  at  the  top 

of  al'-  printed   utout 
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Exhibit    II. 3 
Format    for    Industiry  Cards 

Columns  Contents 

01  -  02  Industry  number 

03  -  04  The  original  number  of  firms 


05  -  06  The  side  payment  code:   1  if  they  are 

permitted,  0  if  not 


07  -  03  The  number  of  copies  of  instructor's 

output  to  be  printed 


09  -  10  Output  Code  -  gives  information  to  be 

printed  on  other  industries 


11  -  12  Output  Code  -  gives  information  to  be 

printed  on  competitors 


13  _  14  ^       The  number  of  copies  of  students   summary 

output  to  be  printed  for  each  firm 


15  -  20  Monopoly  Price  (punch  a  decimal  point) 

21  -  26  Critical  Price  (punch  a  decimal  point) 

27  -  34  FK  (punch  a  decimal  point) 


35  -  40  Standard  deviation  of  the  "error  term"  as 

a  percentage  of  capacity  --  that  is,  in 
thousands  (punch  a  decimal  point) 


Exhibit    II. 3    (co.^.tir.ued  ) 


41  -    46 


Entry  cost    as    a    percentage    of   original 
raonopoly   profit    (punch   a   decimal    point) 


47   -    54 


Entry  cost    in  dollars    (punch   n   decinal 
point) 
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III 


Demand  Parameters  and  Output  Codes 

Three  items  on  the  industry  cards  are  used  to  determine  the  demand 
functions  in  each  industry:   monopoly  price  (PM),  critical  price  (PC), 
and  a  quantity  we  called  simply  FK.  Each  firm's  demand  curve  is  of  the 
form 

(3.1)  Q  =  A  -  BP  +  CP  +  e 

where  P  is  the  arithmetic  average  of  his  competitors'  prices  and  e  is  a 
normally  distributed  error  term.  A,  B,  and  C  are,  of  course,  positive. 

In  Chamberlinian  terms,  the  firm  demand  schedule  is  given  by  (3.1), 
and  the  industry  demand  curve  by 

(3.1a)  Q  =  A  -  (B  -  C)P  +  e 

iHien  solved  for  P,  these  correspond  exactly  to  DD'  and  dd'  in 
figure  14,  page  91,  of  the  eighth  edition  cf  The  Theory  of  Monopolistic 
Competition.   This  chapter  vill  indicate  how  PM,  PC,  and  FK  are  used  to 
assign  numerical  values  to  A,  B,  and  C.   Wc  v;ill  deal  vjith  the  case  of 
no  entry  or  exit,  as  the  ne>:t  chapter  will  take  up  the  implicationrj  of 
a  change  in  the  number  of  firms.   VJe  will  also  generally  assume  zero 
error  terms . 

In  addition,  the  final  section  of  the  chapter  will  list  and  explain 
the  output  codes  referred  to  in  Chapter  II. 
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^si>c::\-  ir.l'^y ,   v?e  need  three  equations  to  assign  values  to  the  three 
unkr.ov;ns  A,  ?>,    and  C,   The  first  is  provided  by  the  condition  mentioned 
in  Chapter  I  as  holding  for  all  industries:   if  all  firms  charge  a  price 
of  $1.3",  zll  vV..''.    sell  IOC,  00:3  units.   In  equation  form,  this  becomes 

(3.2)  100,000  =  A  +  (C  -  B). 

Tlie  second  equation  comes  from  the  monopoly  price.   If  all  firms 
charge  the  same  price,  the  profits  cf  any  one  are 

(3.3)  ?:i  ==  (A  -r  P(C  -  B))(P  -  .50)  -  50,000. 

If  .'il'  firms  are  charging  the  monopoly  price  (PM),  the  derivative  of  (3.3) 
v;ith  respect  to  P  is  zero.   This  yields  the  condition 

C^)  2A  +  (C  -  3)  (4PM  -  1)  =  0. 

If  vje  solve  the  system  (3.2)  and  (3. A),  v;e  cr.n  obtain 

2^0.00'". 


(S.'c)  (C  -  B) 


4PM  -  3 


(3.5L) 


ap: 


..e  ore  r;ot  quite  '^in.ish.ed,  but  these  results  deserve  some  comment. 
ITo:ic3  that  for  a  ^i/en  slandrrd  deviation  of  L^h.e  error  term,  the  higher 
the  price  the  greater  the  standard  deviation  cr    profits.   Risk  aversion 
may  'ead  tc  prices  less  th.an  PM  if  the  standard  de-.-iation  of  e  is  large, 
'."'■us  'he  identif ic^ticn  of  p;i  as  monop'^'y  price  '.-.olds  exactly  only  when 
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error  terms  are  zero  or  v;hen  firms  maximize  expected  profit.   Vie  will 
hold  to  ihe  latter  assumption  throughout. 

2ubsLitutioa  of  equations  (3.5)  into  (3.3)  leads  to  an  expression 
for  monopoly  nrofit: 

,2 


(3.6)  PR>1=  20n,000  (PM  -  1) 

^    ^  4PM  -  3 


This  is  the  average  monopoly  profit  per  firm  when  there  has  been  no  entry 
or  exit.  It  is  easy  to  show  that  PRM  rises  with  PM.  That  is,  the  higher 
the  monopoly  price  in  an  industry,  the  higher  the  profits  that  can  poten- 
tially be  earned  by  firms  operating  there. 

Critical  Price  and  FK 

Critical  Price  (PC)  and  FK  are  two  equivalent  ways  of  expressing  the 
resDonsiveness  of  firms'  demand  to  differences  in  P  and  P.   It  will  be 
shown  in  Chapter  V  that  the  lower  PC  is  or  the  higher  FK  is,  the  more 
pro^itab'^e  it  is  to  cheat  by  price-cutting.   We  will  show  below  the  pre- 
cise meaning  of  these  quantities. 

If  we  et  P  =  P  -  X,  a  firm's  profits  are  given  by 

(3.7)  Vl  =    (A  -  B(P  -  X)  +  CP)(P  -  X  -  .50)  -  50,000 

The  derivative  of  PR  v;ith  respect  to  X  evaluated  at  X  =  ')  is  given  by  the 
expression 

(3.8)  V  =  -A  +  (B  -  C)P  +  BP  -  B/2. 
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V  can  be  interpreted  as  the  added  profit  from  charging  a  price  just  slightly 
below  the  competition  when  no  attention  is  paid  to  capacity  limitations. 
Notice  that  V  rises  with  P,  since  we  have  already  shown  that  (B  -  C)  is 
positive.   Thus,  if  V  is  zero  for  some  P,  it  will  be  positive  for  higher 
P  and  negative  for  lower  P. 

Tliere  are  two  equivalent  paths  we  can  follow  from  here.   The  first  is 
to  set  the  value  of  V  for  P  =  1.   We  denote  that  value  as  FK;  it  is  the 
marginal  profit  'hau  could  be  earned  by  shaving  price  just  slightly  if 
competitors  were  charging  $1.00  and  if  there  were  no  capacity  constraints. 
If  FK  is  positive,  it  will  generally  always  pay  to  price  slightly  below 
the  competition.   If  we  do  this,  we  have  our  third  equation  as 

(3.9)  FK  =  -A  +  3B/2  -  C. 

If  we   combine    this   \iilh   equation    (3.5a),    we    find 

(3.10a)  B  =    2FK  +  200,000 


(3.1.-.b)  ^       C=    2FK+     800,00C(PM-     1) 

APM  -    3 


On  ':he  3ther  hand,  we  can  fix  the  price  for  which  V  is  zero.  This 
is  the  price  that  we  have  caJled  the  Critical  Price,  or  PC.  This  will 
also    yield    our    third   equgticn: 

(3.11)  C  =   -A  +  2    B  PC  -    C   PC  -    B/2 
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Using  this  and  (3.5a)  we  obtain 


(3  12a)  B  =   100. OOP (A PM  -  1  -  2PC) 

(4PM  -  3)  (PC  -  h) 


(3.12b)  C=  A^Q^OQO  (PM  -  PC) 

(APM  -  3)  (PC  -  h) 


I:  should  be  clear  that  B  and  C  will  both  be  positive  only  if  PC  is 
between  %  and  PM.     (Equations  (3.10)  give  the  corresponding  condition 
on  FK:  it  must  be  larger  than  -100,000  and  -400,000(PM  -  1)/(4PM  -  3) 
f  or  B  a -.d  C  to  be  positive.) 

It  may  be  instructive  to  examine  the  relation  between  PC  and  FK.   If 
we  equate  (3.12a)  and  (3.10a)  and  solve  for  FK,  we  obtain 

("  r-  -  FK  =   ^00.000  (2PM  -  1)  (1  -  PC) 

(4PM  -  3  )  (2PC  -  1 ) 

I_  is  clear  from  this  thac  a  larger  FK  corresponds  to  a  smaller  PC:  the 
more  the  profit  '.'•   be  made  at  P  =  1,  the  lower  the  price  at  which  zero 
orofiL  is  made.   Finally,  if  PC  is  less  than  one,  the  corresponding  FK 
may  need  ro  be  fairly   arge.   For  instance,  if  PC  =  .90,  the  corresponding 
FK  is  30,009  with  PM  =  2.   In  the  limit  as  ?M  becomes  very  large,  the  equiva- 
lent FK  approaches  25,000. 

Each  industry  card  mus'.  contain  a  value  for  Monopoly  Price.   It  also 
must  contain  either  an  FK  or  a  Critical  Price.   If  both  are  punched,  the 
Cri'ical  Price  wi^'  be  tgnfirod ,  and  the  Critical  Price  shown  on  the  parameter 
summary  will  be  calculated  Trom  equation  (3.13)  solved  for  PC. 
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OutpuC  Codes 

This  section  vjill  explain  the  output  codes  mentioned  in  Chapter  II. 
Code  1  is  a  two  digic  number  which  indicates  the  information  to  be  given 
on  other  industries  lo  firms  operating  in  the  industry  in  question.   The 
first  digit  dea'is  with  average  price  and  the  current  number  of  firms;  the 
second  controls  printing  sales  and  profits.   The  codes  are  as  follows: 


First  DigiL  Meaning 


Print  the  actual  number  of  firms  and 
their  average  price 


2  Print  only  their  average  price 

1  Print  only  the  number  of  firms 

0  ,  Print  none  of  this  information 

">econd  Digit  Meaning 

3  Print  both  tiota"  sales  and  total 

profits 

2  Print  only  total  profits 

1  Print  only  total  sales 

0  Print  none  of  this  information 
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Each  firm  will  always  be  given  total  sales,  total  profits,  and  average 
price  for  its  industry.  As  mentioned  in  Chapter  I,  if  any  figure  is  not 
available  to  a  firm,  it  will  be  printed  as  a  zero  --  except  when  code  1  is 
00,  when  no  line  will  be  printed.   An  example  may  help.   If  code  1  is  12 
for  industry  i,  firms  operating  in  industry  i  will  receive  on  their  interim 
output  the  number  of  firms  present  and  the  total  profit  received  in  all 
other  industries. 

The  second  output  code,  code  2,  determines  the  information  to  be  pro- 
vided to  a  firm  about  its  competitors.   It  will  always  be  told  the  average 
price,  total  sales,  and  total  profits  earned  in  the  industry  it  is  operating 
in.  Code  2  determines  the  additional  data  it  will  receive  as  follows: 


Code  2 


First  Digit  Meaning 


Print  the  number  of  firms  and  the  four 
digit  firm  numbers  of  all  competitors 


Print  the  number  of  firms  and  the  four 
digit  firm  numbers  of  those  competitors 
who  have  entered  this  industry  from 
elsewhere 


Print  only  the  number  of  firms 


Print  none  of  this  information 
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Second  Dip. it  Meaning 


Print  all  prices,  sales,  unfilled  orders, 
and  profits 


Print  all  profits,  sales,  and  unfilled 
orders 


Print  all  prices  and  profits 


Print  all  prices,  sales,  and  unfilled 
orders 


3  Print  all  profits 

2  Print  all  sales  and  unfilled  orders 

1  Print  all  prices 

0  Print  none  of  this  information 

Again,  any  figure  not  available  to  a  firm  will,  be  printed  as  a  zero. 
If  code  2  is  33  for  Industry  i,  for  example,  nil  firms  operating  in  industry 
i  wil'  be  told  the  firn-L  numbers  of  their  competitors  and  the  profits  each 
received.   Aopendix  H  provides  examples  o.:  output  generated  by  codes  00  00 
and  33  37. 
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IV 


Entry.  Sales,  and  Profits 

This  Chapter  will  discuss  the  effects  of  net  entry  or  exit  and  the 
mechanisms  for  calculating  sales  and  profits.   The  former  are  quite  basic 
to  the  GLOOM  environment.   It  takes  a  while  to  explain  the  method  for 
allocating  unfilled  orders  among  firms  with  excess  capacity,  but  it  is 
not  of  earth-shaking  importance.   It  almost  suffices  to  say  that  firms 
charging  low  prices  pick  up  more  unfilled  orders  from  their  competitors 
than  firms  charging  high  prices,  while  firms  charging  very  high  prices 
never  receive  unfilled  orders.   For  more  details,  read  the  second  part 
of  this  chapter. 

Entry 

Suppose  chat  a  particular  industry  began  with  Nl  firms  operating  in 
it.   Suppose  further  that  it  now  has  NA  firms  present.   We  calculate 


(4.1)  F  ==  -i^ 

NA 


We  then  multiply  A,  B,  C,  end  the  standard  deviation  of  e  in  equation  (3.1) 
by  F.   (Recall  that  these  parameters  were  calculated  by  equations  (3.5b) 
and  (3.10)  from  the  information  on  the  industry  card.)   All  the  discussion 
in  this  and  the  following  two  chapters  assumes  that  these  transformations 
have  already  been  carried  out; 

Notice  that  if  the  industry  average  price  is  unchanged,  entry  or  exit 
will  leave  (average)  total  sa'es  unchanged.   The  effect  of  net  entry  is  to 
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divide  the  original  market  among  all  firms  present;  if  there  is  net  exit 
the  "leavings"  are  divided  among  all  firms  remaining  behind.   The  standard 
deviation  of  the  stochastic  term  in  firms'  demand  functions  rises  and  falls 
inversely  with  their  number:   a  smaller  piece  of  the  action  means  less 
absolute  variation. 

There  are  several  interesting  implications  of  this  scheme.   First,  it 
is  eas]/  tc  show  that  the  own- price  elasticity  of  demand  is  unchanged  if 
the  firm's  own  and  competitors'  average  prices  are  unchanged.   But  Chapter 

V  will  show  that  the  best  chiseling  strategy  nay  nonetheless  be  altered. 

Monopoly  price  is  unchanged  by  entry  or  exit  and  if  charged  by  all 
firms  it  will  give  rise  to  the  same  total  industry  demand.   But  if  there 
has  been  net  exit,  the  remaining  firms  may  not  have  the  capacity  to  sell 
monopoly  output.   In  this  case,  the  monopoly  price  will  yield  unfilled 
orders  and  a  cartel  v;ould  be  better  off  setting  a  higher  price.   This  is 
alrost   certain  to  happen  if  only  one  firm  remains  in  an  industry.   Chapter 

VI  discusses  th  ■' s  point  further. 

'.'Jhile  the  monopoly  price  specified  on  the  industry  card  continues  to 
hold  in  this  fashion,  FK  anc  Critical  Price  are  changed.   Equation  (3.9) 
defines  FK  It  terms  of  A,  B,  and  C.   It  should  be  quite  clear  from  this 
equation  that  net  entry  decreases  FK  and  that  net  exit  has  just  the  opposite 
effect.   (Equation  (".13)  iiiplies  that  a  decrease  in  FK  is  equivalent  to 
an  increase  in  Critical  Price)  Thus  one  may  find  that  even  with  a  positive 
FK,  after  net  entry  there  may  exist  a  range  of  prices  within  which  it  will 
pay  a  firm  to  charge  above  its  competition. 
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In  general,  though,  these  are  changes  in  the  right  direction.   We 
would  expect  cheating  to  be  more  profitable  (see  Chapter  V)  the  fewer  the 
firms  present  --  assuming,  of  course,  no  retaliation. 

Sales 

For  convenience,  let  us  reproduce  the  basic  demand  equation: 

(4.2)  Q  =  (A  +  e)  -  BP  +  CP 

(GLOOM  in  fact  does  add  the  error  term  onto  the  intercept  term  of  the 
demand  function,  as  shown  here.) 

The  first  step  in  the  determination  of  sales  in  an  industry  is  to 
substitute  each  firm  s  price  (P),  the  arithmetic  average  of  its  competi- 
tors' prices  (P),  and  its  error  term  (e )  into  (4.2).   The  firm' s  demand 
is  taken  as  the  larger  of  Q  so  calculated  and  zero;  negative  sales  are  not 
allowed.   Total  demand  for  the  industry  is  calculated  as  the  sum  of  these 
demands.   Each  firm's  share  of  total  demand  is  calculated  as  the  ratio  of 
its  demand  to  the  total  for  the  industry. 

If  all  o''-    the  firm  demands  are  for  less  than  100,000  units,  sales  are 
set  eoual  to  demands,  and  the  program  proceeds  to  other  tasks.   If  the 
demand  of  the  i   firm,  D-,  is  greater  than  100,000,  however,  it  will  have 
sales  of  100,000  and  unfilled  orders  of  (D^-  -  100,  )00).   The  question  now 
is  who  gets  the  business  of  these  frustrated  demanders. 

We  first  calculate  the  total  of  the  demands  accounted  for  by  firms 
with  excess  capacity.   We  then  compute  the  share  each  of  these  firms  con- 
tributed to  this  total.   Each  then  receives  a  fraction  of  total  unfilled 
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orders  in  the  industry  equal  to  this  share.   If  this  allocation  raises 
some  demands  above  100,000,  the  unfilled  orders  so  produced  are  allocated 
in  this  same  fashion.   The  procedure  stops  when  either   (1)  no  new  un- 
filled orders  have  been  generated  by  an  allocation  (i.e.,  all  firms  which 
had  excess  capacity  before  the  unfilled  orders  were  allocated  still  have 
excess  capacity)  or   (2)  all  firms  have  unfilled  orders.   Needless  to 
say,  condition  (1)  occurs  almost  all  the  time. 

If  this  has  been  confusing,  you  might  try  a  look  at  the  Fortran  shown 
in  Appendix  D.   It  is  important  to  remember  that  UNFILLED  ORDERS  on  the 
printed  output  refers  to  the  extent  to  which  demand  was  greater  than 
capacity,  joot  to  the  number  of  orders  picked  up  from  sold-out  competitors. 
Tliat  figure  is  buried  in  total  sales.   In  any  case,  the  disposition  of 
unfii-ed  orders  is  nc.::  likely  to  affect  either  the  fortunes  or  the  strategy 
of  ar.y  firm  very  much. 

Profits 

Once  sales  ha-re  been  determined  for  all  firms,  profits  are  trivial  to 

compute.   The  general  formula  is 

(/,.:,)  Profits  =  Sales  (Price  -  .50)  -  $50,000 

Entry  Cost  (if  the  firm  began  operations 
in  a  different  industry) 

+   Side  Payment  Rerei^ed  (if  any) 

Side  Payments  Made  (if  any) 
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Best  and  Expected  Prices 

If  a  firm  knew  the  demand  parameters  and  what  its  competitors  were 
going  to  charge,  it  could  quite  easily  calculate  its  short- run  profit- 
maximizing  price.   GLOOM  calculates  this  best  price  for  all  firms  given 
what  ■cheiv   ccr.petitors  actually  did  charge.   V/here  entry  is  permitted. 
the  .rogran  calculates  the  prof it- maximizing  entry  price.   These  two 
figures  a::d  a  third,  called  "expected  price",  appear  only  in  the  instruc- 
tor's output.   This  chapter  will  derive  and  explain  them  in  turn. 

Best  Price 

Suppose  a  firm  knows  that  its  competitors  will  charge  an  average 
price  .f  ^.   Its  demand  curve  as  a  function  of  its  own  price  P  is  given 
by 
^5^:^  0  -  A  -  BP  +  CP. 

(The  firm  is  assumed  to  mak.  decisions  using  the  expected  value  of  its 
err.r  tern,  which,  of  course,  is  zero.)   Ignoring  its  fixed  costs,  for  Q 
less  than  or  equal  to  100,000  profits  are  given  by 

(3  2)  PR  =  (A  -  BP  +  CP)(P  -  %) 

Differentiating  (5.2),  setting  the  result  equal  to  zero,  and  solving 
■for  P,  we  obtain 
(3.3)  P-^,  ^     ±±M*l 
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This   price  may,    however,    imply   sales   of  greater   than    100,000  units. 
If   this   is   the  case,    the   firm  should   charge    the   highest   price   that  will 
enable    it    to   sell    100,000  units.      That    price    is    found   by   setting  Q  = 
100,000   in    (5.1)   and   solving   for  P: 


,v     =      A  +  CP  -    100.000 


(5.4)  P   2 


this    is  how   GLOOM  computes    it.      It    is    straightforward    to  show    from  equa- 
tions   (5.3)   and    (S.'O    that   ?••'     is   greater   than   P*,    whenever  P   is   greater 
than 


(3   5)  p**  =      B  +  400,000  -    2A 

2C 


If  there  has  been  no  net  entry,  P-"''  can  be  expressed  as  a  function  of 
PM  and  FK  (see  Chapter  III)  as  follows: 

/■s  c  ^         pv--;c  =  I^K  +  W  ,  where             800,000  (PM  -  1) 
<^-^^  ^     2FK  +  W  W=  t¥r^ 

Tl-ius  P""''  will  always  be  less  than  one  for  positive  FK,  and  it  will  then 
always  be  optimal  to  use  P-'- ,  to  set  demand  equal  to  capacity. 

If  there  has  been  net  (jntry,  however,  P**  will  rise  and  ?*-^   may 
become  the  best  price:   A,  3,  and  C  are  multiplied  by  some  number  less 
than  one,  but  400,000  is  unchanged.   On  the  other  hand,  net  exit  lowers 

If  a  firm  is  alone  in  an  industry,  its  best  price  is  the  larger  of 
PM  and  P •'■'  .  It  is  often  the  case  that  PM  will  result  in  unfilled  orders 
since  the  demand  curve  has  usually  been  shifted  out  a  great  deal. 
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If  there  has  been  no  net  entry,  we  can  express  P*  in  terms  of  P, 

PM,  and  FK  as  follows: 


(.    7N  p,v  =   P  FK  (4PM  -  3)  +  100.  MOO  (1  +  4P  PM  -  4P) 

^  •  ^  2  (4PM  -  3)(FK  +  100,000) 


II  can  be  easily  verified  that 


2P-'-9  ^  400.  OOP  (P  -  1) 

2PM  ~   (4PM  -  3)^  (FK  =  100,000) 


which    is    positive    for   P  greater    tlian  one.      That    is,    since    P*.    is   normally 
the   best    price,    a   higher  monopoly   price    implies,    ceteris    paribus,    a   higher 
prof it- naxiraizing    price    for   any  average   competitors'    price,      A  rational 
"cheater"  will   charge   a   higher   price   the   higher   PM   is,    and  he  will   find 
cheating  nore    proficable   since  he  will   still   sell    100,000  units. 
Differentiating    (5.7)  '.jith  respect   to  FK,   we   find 


2P*9  =      IOC, OOP    (P  -    1) 

2FK  (4PM  -    3)    (FK  +   100,000) 


So  agair;,  the  larger  FK  (the  smaller  PC),  the  higher  the  cheater's  price 
and  the  more  profitable  it  is  to  cheat. 

It:  must  be  emphasized  ';hat  "best  pries"  is  a  tactical  measure.   If 
an  industry  has  a  V7ell  organized  cartel,  these  calculations  will  yield 
the  price  eac'i  firm  should  charge  if  it  wishes  to  cheat  on  the  cartel. 
Such  cheating  may  not  be  oprimal  in  the  long  run,  however,  when  the  firm 
considers  the  retaliation  it  may  face. 
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Entrv  Price 

Calculation  of  the  best  entry  price  follows  essentially  the  outline 
above,  except  for  one  preliminary  step.   The  actual  industry  average  price 
is  used  for  P,  but  the  demand  parameters  must  be  changed  to  allow  for  the 
effect  of  the  hypothetical  entry. 

If  N  firms  are  in  the  industry,  an  entrant  would  cause  the  parameters 
A,  B,  and  C  to  be  multiplied  by  N/ (N  +1).   If  there  are  no  firms  in  the 
industry  but  K  firms  started  out  there,  an  entrant  would  face  parameters 
equal  to  K  times  their  no-entry  values. 

Once  the  values  of  A,  3,  and  C  that  an  entrant  would  face  are  computed, 
the  entry  price  is  calculated  as  outlined  above;  and  the  profits  such  an 
entrant  would  earn  are  calculated  as  usual  --  allowing  for  entry  costs, 
of  course. 

Expected  Price 

If  a  firm  sets  a  price  P,  expecting  it  to  be  P^^.  it  must  have  expected 
(5.3)  to  ho.d.   Solving  for  P,  we  find  the  average  price  it  expected  its 

comoetitors  to  charge: 

-Z^        -   4BP  -  2A  -  B 

(5.8)  P  1 2C 

If,  on  the  other  hand,  it  was  attempting  to  set  I  =  P*2.  "^  can  solve  (5.4) 

to  obtain 

-e   _   RP  -  A  +  100,300 

(5.9)  P  2 C 
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Given  a  value  of  P,  we  must  now  decide  which  of  these  the  firm 
actually  expected  its  competitors  to  charge.   We  found  above  that  ?*^ 
is  prof it- maximizing  whenever  P  is  greater  than  P**,  as  given  by  (5.5). 
The  firm  can  be  said  to  have  "expected"  P  „  only  if  P*„  would  have  been 
optimal  if  the  average  price  of  its  competitors  had  indeed  been  P  „. 
Tlie  condition  that  P  2  be  greater  than  or  equal  to  P**  reduces  to  the 
condition  that  P  be  greater  than  or  equal  to 

(5.10)  T  =  -1^2x000  +^ 

S.nce  P  will  alnost  always  be  greater  than  one,  this  condition  will 
hold  for  al"  positive  FK  (or  all  PC  less  than  one).   It  is  easy  to  show 
thai  P  less  than  T  is  equivalent  to  P  ,  less  than  P*".   Thus  any  price 
greater  than  T  carries  with  it  the  implication  that  the  firm  "expected" 

P  2,  since  if  its  competitors  had  charged  P   its  price  would  have  been 

— e 

optimal .   Similarly,  if  its  price  is  less  than  T,  P   would  make  it  op- 
timal.  Again,  it  should  be  clear  that  this  whole  discussion  has  assumed 
that  the  firm  is  trying  to  maximize  current  period  profits  only. 

r.ie  instructor's  output  gives  the  actual  average  competitors'  price 
as  ''ACT.  PBO'  and  the  appropriate  expected  price  as  "EXP.  PBO" .   Fractions 
-if  cer'-s  are    fLOt  shov.'n. 
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VI 


Rating; 


This  chapter  vjill  explain  the  four  ratings  that  are  calculated  by 
GLOOM  and  that  appear  on  the  instructor's  output  and  the  average  rating 
summary.   The  reason  for  having  ratings  at  all  was  mentioned  in  Chapter 
II:   it  is  desirable  to  have  some  yardstick  of  performance  that  does  not 
depend  on  the  particular  demand  parameters  in  each  industry  and  that  is 
not  dorr.inated  by  the  stochastic  term  in  the  demand  function.   Dollar  pro- 
fits do  not  meet  these  tests;  the  ratings  presented  in  this  chapter  don't 
entirely  meet  them  either.   But  they  are  an  improvement. 

T\Jo  ratings,  Rating  A  and  Rating  B,  are  calculated  and  printed  for 
each  industry.   Each  firm  also  receives  two  ratings.  Rating  A  and  Rating 
B.   The  connection  between  the  firm  and  industry  ratings  is  rather  loose. 
It  can  be  said  that  the  A's  are  long-run  measures,  whereas  the  B' s  eval- 
i^atc  short- r-jr  nerf  "rmacce .   For  grading  purposes,  the  A's  are  certainly 
-".re  aopropriate. 

'e  '.;i   discuss  "irst  the  industry  ratings  and  then  the  more  compli- 
cated firrr,  -easures. 

Rating  A  -  Industries 

This  is  the  simolest  of  all  the  ratings.   In  che  case  of  no  entry  or 
exi':,  equation  (3.6)  gave  a  firm's  average  monopoly  profit  as  a  function  of 
monopoly  nrice.   Multiplication  by  the  original  number  of  firms  in  the  in- 
dustry gives  the  industry's  average  profit  from  a  cartel  of  the  original 


firms  operating  at  the  monopoly  price. 

Rating  A  is  actual  industry  profit  as  a  percentage  of  this  figure. 
Thus  account  is  taken  both  of  the  level  of  price  and  of  the  identity  and 
number  of  firms.   The  more  firms  charging  the  monopoly  price,  the  lower 
are  total  profits  --  especially  when  entry  costs  are  considered,  since 
total  industry  demand  depends  only  on  average  price.   Rating  A  penalizes 
both  low  prices  and  net  entry. 

It  has  the  defect  that  it  will  be  altered  by  the  error  terms.   There 
seems  no  conceptually  appealing  way  around  this,  however,  in  the  case 
where  the  current  firms  in  an  industry  are  not  the  same  ones  that  began 
there.   Programming  ease  and  an  abiding  faith  in  the  law  of  large  numbers 
clinch  the  argument. 

Rating  B  -  Industries 

Rating  B  does  not  penalize  entry.   It  is  actual  industry  profits  as 
a  percentage  of  the  average  maximum  profits  that  could  be  earned  by  the 
firms  actually  operating  in  the  industry  in  the  period  in  question.   As 
usual,  we  assume  that  all  players  are  expected  value  maximizers .   Thus 
their  strategy  for  maximum  industry  profit  is  to  charge  the  higher  of 
monopoly  price  and  the  price  that  yields  an  average  demand  of  100,000 
uni.s  -   as  discussed  ir.  Chapter  V. 

As  with  Rating  A,  \ie   dea;  with  the  average  best  profit  by  calculating 
"le  maximur  profit  assuming  zero  error  terms.   This  is  a  real  drawback  only 
when  ehe  besr-  strategy  for  the  industry  is  to  sell  to  capacity,  when  we  v;ill 
slightly  overstate  maximum  average  profit.   This  happens  only  when  there 
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has  been  considerable  net  exit.   Entry  costs  and  side  payments  are  taken 
into  account,  of  course. 

The  sense  in  which  the  two  industry  ratings  are  short- run  and  long- 
run  measures  should  be  clear.   Rating  A  compares  actual  profits  with  those 
that  would  be  earned  (on  average)  by  a  well  run  cartel  of  the  original 
firms,  a  cartel  tha*^  has  managed  to  discourage  entry.   Rating  B  takes  as 
given  the  sellers  in  the  market  and  compares  their  total  profit  with  the 
best  that:  they  could  earn. 

Rating  A  -  Firms 

As  above,  we  begin  with  the  long-run  measure.   Rating  A  compares  the 
profits  actually  earned  by  a  firm  with  the  profits  it  would  have  earned 
'lac  it  oeer    a   member  -  •'  -he  well  run  cartel  considered  in  the  Rating  A 
for  i-S  industry  of   rigin.   The  error  term  experienced  is  taken  into 
account  i"^  a  rather  r  .'^mp' icared  way. 

It  is  nssumed  t'nat  GRNUi-l  v;ou]d  have  given  the  firm  the  same  standard- 
ized normal  err'~'r  term  had  :he  firm  been  safely  established  in  its  cartel. 
But  the  actual  /a ' ue  of  the  error  experienced  may  be  different  because  the 
standard  deviation  actually  applying  to  a  firm  may  be  different  than  the 
standard  deviation  that  vjou Id  have  applied  had  the  firm  been  in  its  original 
industr"'  with  no  net  entry. 

It  may  be  helpful  to  resort  to  a  few  symbols.   Let 

n  =  the  original  industry 
c  =  the  current  industry 
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SDP(i)  =  the  standard  deviation  of  the  error 
term  in  industry  i  as  it  appears  on 
the  industry  card 


M  =  original  number  of  firms  in  industry  c 
N  =   current  number  of  firms  in  industry  c 


e  =   the  error  actually  added  onto  the  firm's 
demand  function 


Then  the  standard  deviation  that  actually  applied  to  the  firm  is  just 
10""  SDP(c)  M/N,  and  e  N  /  (1000  SDP(c)  M)  is  the  standardized  normal 
variable  produced  by  GRNUM.   (See  Chapter  IV  if  this  is  unclear.)   The 
standard  deivation  ':hat  would  have  applied  to  industry  o  in  the  case  of 
no  ■.■'.ez   eniry    is  simply  lOOC  SDP(o).   To  get  the  error  that  the  firm  would 
ha'-e  experienced,  we  nuHiply  the  standardized  variable  calculated  above 
by  this  standard  deviatin-,  obtaining  u  =  e  (SDP(o)  /  (SDP(c)  M/N) .   (A 
glance  at  the  main  program  in  Appendix  D  may  be  more  productive  than  re- 
reading this.) 

Given  u,  fh.e  error  that  the  firm  is  assumed  to  have  encountered  had 
it  been  in  the  cartel,  its  assumed  profits  are  the  average  no-entry  mono- 
poly profits  as  given  by  equation  (3.G)  for  the  firm's  original  industry 
olus  u  (mnnoooly  orice  -$.50).   We  thus  obtain  our  standard. 

This  nay  not  :e  as  unreasonable  as  it  seems.   V/hat  \je  are  assuming  is 
'■hai  if  the  firm,  had  a  favorable  errr^r  term  today,  it  would  have  had  one 
'.o  matter  which  industry  i.  operated  in.   Mechanically,  this  is  not  neces- 
sarily true,  but  the  alternative  of  assuming  a  zero  error  term  is  rather 
unpalatable.   Notice  also  that  if  the  firm  is  in  its  original  industry  and 
if  there  has  been  no  net  entry,  e  =  u.   It  is  only  v;hen  entry  has  in  fact 
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taken  place  that  v;e  assume  tlie  firm  would  have  experienced  an  error  term 
different  in  magnitude  from  the  one  it  did  in  fact  encounter.   In  all 
cases,  e  and  u  have  the  same  sign. 

Rating  G  -  Firms 

Rating  B  is  an  attempt  to  approximate  the  ratio  of  actual  profits  to 
tihe  best  profits  that  the  firm  could  have  earned  given  its  competitors' 
prices.   The  problem  here  is  unfilled  orders. 

To  compute  best  profits  correctly,  we  would  have  to  take  the  best 
price  for  each  firm  (which  is  calculated  as  shown  in  Chapter  V)  and  go 
through  the  computation  of  sales,  profits,  and  unfilled  orders  outlined 
in  Chapter  IV  once  for  each  firm.   In  these  calculations,  one  firm  after 
another  would  be  assumed  to  be  charging  its  short- run  profit-maximizing 
price,  and  t>-.e  actual  profits  it  would  have  received  would  be  calculated. 
Needless  to  say,  this  v;ould  take  a  good  deal  of  computer  time  --  more  than 
can  be  justified  in  obtaining  what  usually  amounts  to  no  more  than  a 
measure  -f  the  profitability  of  cheating  or  of  cheating  further. 

Instead,  we  calculate  the  firm  s  demand  by  substituting  its  best  price 
and  the  actual  average  price  of  its  competitors  into  its  demand  function, 
adding  the  error  term  actually  experienced  and  the  unfilled  orders,  if  any, 
tlia^  it  picked  up  from  competitors.   If  the  firm  actually  received  some 
unfilled  orders,   his  may  be  a  fair  approximation  to  the  number  it  would 
receive  if  it  changed  its  price  a  small  amoun'^.   As  Chapter  IV  may  have 
made  clear,  a  decrease  (increase)  in  price  will  raise  (lower)  a  firm's 
chare  of  unfilled  order  pickups.   But  lovjering  (raising)  its  price  will 


lower  (raise)  tl.e  demands  of  competitors  and  hence  lower  (raise)  the 
nun-ber  of  unfilled  orders  up  for  grabs.   If  the  firm  received  no  unfilled 
orders  because  it  sold  to  capacity,  there  are  obviously  problems. 

In  any  case,  "best"  sales  are  taken  as  the  smaller  of  demand  so  cal- 
cula  ted  and  130, "')0.   The  corresponding  profit  is  then  computed,  taking 
into  account  any  entry  costs  incurred  and  side  payments  made  or  received. 
Rating  B  is  then  computed  as  the  ratio  of  actual  profit  to  the  absolute 
value  nf  maximum  profit  so  calculated.   The  absolute  value  is  used  to  take 
into  account  (unlikely)  situations  where  the  best  a  firm  can  do  is  to  take 
a  sra^"  '' nss  and  it,  in  fact,  suffers  a  large  loss.   It  deserves  a  nega- 
tive rating  in  these  cases. 

It  is  Tossible  to  get  a  Rating  B  of  greater  than  1007o:   this  is  per- 
'naps  the  .T.ain  flaw  in  this  neasure.   If  the  firm  receives  a  positive  error 
term  so  rhat  it  sells  '00, CO  units  at  a  price  above  its  best  price,  it 
vjould  r^bvir>usly  a  1  so  sel"  1-;T,000  units  if  it  lowered  its  price  to  the  (on 
average)  best  price.   It  would  receive  lower  profits,  however,  and  its 
Rating  B  will  thus  be  greater  than  100%. 

It  should  by  now  be  obvious  that  none  of  these  ratings  are  entirely 
satisfactory  in  the  way  they  deal  with  the  error  terms.   We  have  tried  to 
argue  that  tney  approach  the  problem  sensibly,  but  that  doesn't  prevent 
t'^eir  bein;;-,  somewhat  arbitrary.   There  really  seems  no  way  around  it:   if 
vou  -.cant  to  be  able  t^  evaluate  performance  fairly  and  reasonably,  keep 
the  error  standard  de--iations  small,  --  certainly  nc  more  than  10,000. 
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Appendix  A 
Mnemonic  Formats  of  Input  Cards 

All  variables  beginning  with  "I"  or  "N" ,  such  as  IPN  and  NFO,  are 
integers  and  do  not  require  a  decimal  point.   All  other  fields  do  require 
a  decimal  point.   All  menmonics  used  here  are  explained  in  Appendix  B  and 
are  used  in  the  GLOOM  programs.   The  makeup  of  an  input  deck  is  described 
in  Chapter  II. 


Title  Card 


Columns  Variable 


)1  -  -.2 


03  -  ^/^  NP 


05  -  06  IPN 


09  -  JO 


11-  80  COMT(l). ..C0MT(18) 
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Industry  Card    (Industry   I) 

Columns  Variable 

01-02  I 

03  -    04  NFO(I) 

05  -    06  ISC (I) 

07  -    08  IOC (1,1) 

09  -    10  IOC (2, I) 

11-^2  I0C(3,I) 

13  -    14  IOC (4, I) 

15   -    20  PMA(I) 

21  -    26  PC* 

27-34  FK* 

35  -    40  SDP(I) 

'■      -    !,f)  SCR** 

47  -    54  EGA** 

*     Only   one   of    these    needs    to   be    present  --    see   Chapter    III 

•"'•-     Both   are    zero  if   entry   is    not    permitted;    only  one   needs    to   be    non- 
zero   if  entry  is   allowed  --    see   Chapter   III 


Firm  Card  (Firm  IIJJ) 
Columns  Variable 

01  -  02  II 

03  -  04  JJ 

05  -  06  IK* 

07  ION(II,JJ) 

IS- 13  AP(II,JJ) 

14  -  15  JI** 

16  -  17  JJ** 

18  -  25  S** 

Co  be  'eft  blank  if  the  firm  is  operating  in  Industry  II 

ro  be  le't  blank  unless  a  side  payment  is  being  made 
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Appendix  B 


Mnemonics  Used  in  GLOOM 


General 


COMT(K),  K-1,18  Comment 

NIT  Total  Number  of  Industries 

NP  Period  Number 

IPN  Number  of  Parameter  Summaries  to  be 

printed 


ISN  Number  of  Side  Payment  Summaries  to 

be  printed 


Number  of  Average  Rating  Summaries 
to  be  printed 


Total  Number  of  Firms 


Industries 
N?0(l;  Original  Number  of  Firr^s 

!vFA(I)  Actual  Number  of  Firms 


lEC(I)  Entry  Code  --  Zero  if  no  entry,  one 

if  entry 
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ISC(I)  Side  Payment  Code  --  Zero  if  no  side 

payments,  one  if  tliey  are  allowed 


iOC(l,I)  Output  Code  1  --  the  number  of  copies 

of  instructor's  output  to  be  printed 


I0C(2,I)  Output  Code  2  --  the  information  to 

be  given  on  other  industries  on  stu- 
dent's interim  output 


IOC (3, I)  Output  Code  3  --  the  information  to  be 

given  on  other  firms  in  the  current 
industry  on  student's  interim  report 


IOC (4, I)  Output  Code  4  --  the  number  of  copies 

of  student's  summary  output  to  be 
printed  per  firm.   If  negative,  ION 
(I, J)  copies  will  be  printed 


SDP(I)  The  Standard  Deviation  of  the  Error 

Term  in  thousands 


A3(I)  Average  value  of  the  intercept  term 

(A)  of  the  demand  function 


3CI)  Chm   price  coefficient  in  the  demand 

function 


Cfl)  Others'  average  price  coefficient  in 

the  demand  function 


ECR  Entry  cost  as  a  percentage  of  avera^ 

nonopoly  profit  PPvM(I) 


ECA  Entry  Cost  ir.  Dollars 


EC(I)  Entry  Cost  in  Dollars  --  Zero  if  lEC(I) 

is  zero 
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PR^UD  Average  Monopoly  Profit  with  no  entry 

PM  Monopoly  Price 

PMA(I)  Monopoly  Price 

PC  Critical  Price 

PCA(I)  Critical  Price 

FK  See  Chapter  III 

PB(I)  Average  Price 

TPR(I)  Total  Profits 

TS(I)  Total  Sales 


EP(I)  Best  Price  for  an  entrant  --  Zero  if 

lEC(I)  is  zero 


EPR(I)  Best  Profit  for  an  entrant  --  Zero  if 

lEC(I)  is  zero 


RAI(I)  Rating  A 

R3I(I)  Rating  B 


Industry  the  firm  is  to  operate  in 


First  two  digits  of  the  name  of  the 
firm  to  receive  a  side  payment 


JJ  Second    two  digits   of    the   name    of   the 

firm   to  receive  a   side    payment 


S  Amount  of   the   side   payment 

IFN(1,I,J)  First    two  digits   of    the    firm  name 

IFN(2,I,J)  Second    two  digits    of    the    firm  name 


AA(I  J)  Actual  value   of   the    intercept   term  of 

the   demand   function    (A)  experienced 


AP(I  J)  Price 

APRa,J)  Profits 

ASA(I  J)  Sales 

AUO(I   J)  Unfilled   orders 

FC(I,J)  Fixed   costs 

PBO(I  J)  Average   of  competitors'    prices 

P3(I,J)  Best   Price 


PBOEi'I  J)  "Expected'  average  of  competitors' 

prices 


RAF (I  j)  Rating  A 

RBF(I,J)  Rating  B 
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Appendix  C 
Description  and  Listing  of  GRNUM''' 

GRNUi-i  is  the  subroutine  utilized  by  GLOOM  to  generate  normally  dis- 
tributed random  numbers  vjith  specified  mean  and  standard  deviation.   These 
numbers  are  used  to  produce  successive  values  of  X.,  Xo ,  and  the  error 
term  u.   This  Appendix  will  briefly  explain  how  GRNUM  performs  this  func- 
tion. 

GRNUM  receives  from  the  calling  program  values  for  CT,  SD,  and  S. 
It  then   (1)  generates  two  random  numbers  uniformly  distributed  between 
zero  and  one  and   (2)  transforms  them  into  a  single  normally  distributed 
random  number  vjith  mean  CT  and  standard  deviation  SD.   This  number  is 
returned  to  the  calling  program  as  Pvi; .   A  new  value  for  S  is  also  re- 
turned. ':c   vill  discuss  these  operations  in  turn. 

The  uniformly  distributed  random  numbers  are  generated  by  the  multi- 
plicative congrunetiai  method.   That  is,  a  sequence  of  X' s  is  generated 
according  to 

(A.l)  X^+^  -   ^  \    ("°^  ^^>"* 


"•■■'T'.i   A-^oendix  and  CRl-JU!-;  borrow  heavily  :rom  A.K.  Dixit,  "Stochastic 
Simulation  in  Econometrics:   A  First  Report,"   Econometricks  Memo  #2, 
Department  of  Economics,  MIT,  July,  1967. 

^■^he  expression  X  5  Y  (mod  M)  means  that  (Y-X)  is  exactly  divisible 
by  M,   In  equation  (A.l),  X^^+i    is  equal  to  M  times  the  fractional  part  of 
(A  Xn  /  M).   For  example,  1  =  8  (mod  7),  5  =  15  (mod  10).   GRNUM  uses 
M  =  105,  and  we  have  83542  =  7583542  (mod  lO^). 
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Then  the  sequence  (X^/K)    is  used  as  independent  random  numbers  uniformly 
distributed  over  the  interval  zero  to  one.  We  generate  a  deterministic 
sequence  that  "looks  like"  a  set  of  random  numbers. 

Here  M  -  10  ,  and  Xq  is  the  value  of  S  taken  from  the  GLOOM  main 
program  and  referred  to  there  as  SED.  The  value  computed  as  X2  is  returned 
as  the  new  value  for  S.  The  value  of  A  chosen  yields  low  serial  correla- 
tion in  the  X' s  and  gives  that  sequence  the  maximum  period  (5,000)  possible 
with  M  =  10  .  The  values  of  A  and  M  were  chosen  for  the  1620.  For  other 
machines, other  values  will  be  better.   See  the  paper  by  Dixit  for  guidance 
in  choosi-ig  them. 

The  two  uniformly  distributed  "random"  numbers  Yj^  (=»X]^/M)  and  Yo  (^^X^/M) 
are  transformed  into  a  normally  distributed  random  number  according  to  an 
exact  transformation  suggested  by  Box  and  Mueller***.   To  obtain  two  inde- 
pendent normal  deviates  with  mean  zero  and  standard  deviation  one,  we  can 
calculate 

Z,  -  Y-21n(Yi)    cos  (2  Y2) 
(A.2) 

Z2  =■  /f^2ln(Y^)         sin(2  Y2) 

Then  (Z,  ^  Z2)  will  have  mean  zero  and  standard  deviation 'yT,  and 

(A. 3)  RN  -  CT  +  (Z^  +  Z2)  SD  /^^~T 

will  be  normal  with  mean  CT  and  standard  deviation  SD,  as  required.   Suc- 
cessive observation  of  RN  will  be  independent. 


^-**G.E.P.  Box  and  M.  E.  Miller,  "A  Note  on  the  Generation  of  Normal 
Deviates,"  Ann.  Math.,  Stat.,  _29,  (1958),  pp.  610-11.  Discussed  in  Dixit, 
op.  cit. 
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As  a  test,  500  successive  (different)  values  of  RN  were  generated  by 
GRNUM.  These  had  a  first  order  serial  correlation  coefficient  of  .05.  A 
Chi- square  test  for  goodness  of  fit  to  the  normal  distribution  was  per- 
formed, with  7  degrees  of  freedom.  The  value  of  chi-square  was  less  than 
5,  indicating  quite  a  good  fit.  Inspection  of  the  frequency  distribution 
confirmed  this. 

A  listing  of  GRNUM  follows. 


A  Listing  of  GRNTIM 

SUBRf£)UTINE  GRNUM  (RN,  CT   SD   S) 
DIMENSII&N  V(2) 
A  -  283. 
D^  01  1-1,2 
FaA*S/10.**5 
K-F 
FK-K 

V(1)-F-FK 
01    S=C(1)*10.**5 

A=(-L^F(V(1)))**.5 

R-6.2831853*V(2) 

B=C(&SF(R)+SINF(R) 

RN=CT+SD*A*B 
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END 


48- 


<!    X  -~   </! 


-49^ 


r  c   r.  r  c.  r- 


<r  r.  r.  r  r 


IV    ^  X 


►-        -c        — 


—  —  r~  \.   L    u   —  • 


C    c   ~  -n  o 
u  —   — 

i    —  —   ^^  •- 


r  -3 


50- 
err. 


c  e  c 
«  »  r- 
a  <r    u 


C    X  C    C  -~  cr 


.-    —    —    —    7     C     — 

^    , I     (V.-  _ 


t>    c    »■ 
U  H 

—   c   c 


c:   ^-    M   —  •- 


r:  I 

O.  3L 

O  — 

J"  — 


XX 


-~  '^      HO 


_  v<   — 


X    Ji 

> 
Ji  z. 


51- 


I.   ~  — 


—   —  T 


—   r. 


c.xxcxco"ww   a  -r.  -r  ij:  '^  i   c   ccccnca 
^n—  •  i>«-—    no-  11        11  n 


-  —  i' 

»  -z. 


-52- 


V    fV.    IV 

<j  M.   j^ 


X.        ^  c::  J»  -^  »• 


-I        T) 


m  X 
—  {;- 

I>    2. 


a-   N 


M   c*.   u   — — 


CXXC"C-T'lv.-rr.  fT-pC^-CXCT) 
i    X   —  . H     11      U      U      U  I    —  — 

—  . _-t  —  -ra   *= ""r"" 

Z    —    M     "      H      I     rrrr ~_ 

c    nxx-ox*-*- 

fT^  —  vcivivor;    » 

r-  _   rr   rn.   ;i 

f,  v    »    • 

I  Vi    X    T 


;V)    —    — 

E     — 


X    _ 

X  r; 


.V  a.         — 


53- 


cr  ^   cr 


t_  t_     I     f^    "^   X 

^  ^  —   X   -r    -  — 
H     C*     «    fS.     ^    IV    — 


I-—   t-    —    Ci>l     — 


—   J.  a.  — 


X  -  a   •    —  r.  — 


~         j:   —   X    r    j-    T3 


o.  V    c   X    ^    :-    T   —  ^ 

•    c    .i    ,?    j>   -x  •—  » 


^   —    —   :c 


X    Z    X 

—  X 

—  c  c 


X  — 


O  —         »■    ;3  — 


—  XT 

o  o 


?  — 
z 

—  I 

m  X 

—  ■ 


»  X 

v.  t: 

i'  •- 

c  n 


^   0   ;ji  — 


A 

*> 

fr 

.— 

>— 

iv; 

^ 

(V. 

\. 

V 

fe 

C 

(V. 

- 

<t 

o 

IN.- 

J- 

*. 

- 

r- 

X 

^ 

X 

_ 

_ 

a. 

n. 

^ 

_ 

^ 

^ 

^ 

_ 

o- 

c. 

:i- 

c; 

c: 

-n 

II 

J. 

X 

It 

■^ 

II 

i" 

o 

^ 

> 

-n  T 

^- 

z 

— 

•— 

T 

? 

— 

— 

t- 

T 

-r 

(- 

„  — 

— 

(T 

— 

r< 

t 

c 

— 

n 

~ 

> 

» 

_ 

0-   o 

— 

— 

— 

X 

— 

— 

; 

c 

1 

H 

:_ 

U 

n 

V-   u 

z 

— 

— 

— 

c; 

■» 

• 

a. 

►— 

— 

J-  r 

'Z. 

•-■ 

*• 

» 

— 

c 

l_i 

— 

n 

c. 

« 

r 

«v. 

r- 

^ 

— 

7^ 

« 

a 

t- 

« 

cr 

— 

X 

— 

— 

<_ 

« 

::. 

iT 

- 

1 

—    i 

_ 

— 

w 

• 

_■! 

u 

• 

J 

— 

O 

=• 

c 

fV. 

:,-  > 

— 

N 

— 

>„ 

i^ 

.— 

— . 

::, 

~ 

::, 

>—  n. 

— • 

H 

— 

1 

X 

c 

c 

— 

c; 

1 

— 

r 

jr  .\, 

w    z 

— 

ii 

— 1 

— 

m 

c 

■• 

• 

■• 

c 

c  ■• 

-.  ^  ^    -n 


-I  (— 


—        —  \)  ♦ 


—  X     £. 


V   — 


Z    X 


—  XT 

— i  2.    I> 


T     . 

_      T 

-r    . 

-    -r 

-r 

T 

T 

. 

-r 

> 

r 

-r 

-r 

-r 

-r 

-r 

T 

rj 

-  ^ 

- 

_ 

t^ 

-      C/7 

C" 

'- 

C   —    C 

c 

C 

c 

u 

C 

• 

c 

C 

c 

c 

z 

— 

c 

_ 

— •  c 

» 

>-> 

X  c 

-c 

« 

< 

X 

X 

X 

T 

• 

Z. 

— 

- 

1. 

1 

A 

t 

X. 

-c 

^ 

r-.  — 

- 

r 

-s- 

3   a 

z. 

r- 

V 

\ 

- 

~ 

c 

3 

c- 

r»- 

7 

T 

■7 

; 

-r 

-2- 

•T 

(T 

T 

^. 

rr 

*   I 

i» 

■> 

5 

V 

J> 

t 

t> 

y 

> 

J. 

■• 

»- 

e- 

J.^ 

£> 

I> 

z 

X 

^ 

>• 

^ 

f\. 

~ 

U 

z 

5 

5 

o. 

J 

A 

rr 

V 

I 

5 

^• 

5 

2 

2 

0^ 

<r 

rr-, 
0 

<>^ 

^  c 

■] 

J. 

X- 

7 

:i 

.A. 

— 

"»• 

v 

>. 

^ 

J— 

-t 

X 

— 

T 

i 

r 

X 

1— 

» 

»    i 

». 

- 

• 

-J 

■::. 

_, 

V 

C 

• 

•• 

-t. 

"L 

- 

„ 

V 

c 

X. 

.^ 

z. 

—  rr. 

• 

« 

_ 

« 

« 

« 

• 

T 

•v 

— 

z. 

_i 

. 

'• 

X 

_ 

« 

« 

_ 

_ 

-• 

_ 

^- 

^5 

— • 

& 

V 

■3- 

■C 

^ 

— 

Z 

V 

— 

c 

r 

— > 

•V 

-r 

v; 

£ 

— 

cr 

T 

« 

-r, 

a  X 

.v 

>» 

'• 

X 

,'< 

X 

1— 

> 

-• 

•- 

•:: 

— 

.£ 

-n 

t> 

3 



T 

> 

X 

_ 

■• 

«x 

2 

» 

■• 

^ 

— . 

— 

C/l 

— 

c 

X 

T 

— 

X 

« 

c& 



— 

X 

^ 

I>  -• 

^ 

> 

■V 

•V 

^• 

v 

_ 

■J 

/^ 

. 

• 

v/ 

.T' 

> 

_ 

J 

-. 

_ 

X   r= 

^ 

•• 

~ 

— 

J- 

"T 

X 

— 

~ 

— 

■V) 

^ 

V3 

« 

r 

— 

r 

X 

.\- 

T 

I 

1 

3 

-ri 

> 

— « 

a. 

>^ 

« 

-r. 

_ 

* 

X 

■J^ 

— 

_ 

_ 

^  .~ 

-« 

-• 

T| 

~ 

>r 

"2 

-• 

< 

r 

•n 

^ 

2 

— 

n 

« 

■0 

« 

-r-     -• 

x 

V 

X 

— 

3 

rv 

K 

V 

n 

'• 

-r, 

T 

C 

^• 

Vl 

i> 



— 

— 

T-    

-n 

« 

■» 

V 

•• 

» 

r 

fV 

»» 

» 

«» 

-~ 

•• 

■• 

,-r 

«       — ) 

> 

J 

— ■ 

/^ 

\, 

T 

— 

^ 

^ 

t. 

z. 

— 

» 

i. 

» 

X 

0 

— , 

Tl      » 

■n 

M. 

K 

— 

— 

— 

J. 

-r 

•, 

e- 

« 

;;- 

_ 

_ 

- 

■J- 

- 

_ 

--       _ 

2 

» 

• 

- 

— 

V 

t 

x 

'» 

_ 

-i 

V 

— 

iVJ 



X 

i 

— 

-      X 

_ 

T 

T! 

T 

« 

-^ 

■m 

•J 

-rt 

3 

o 

—   -z 

— 

V 

I 

f 

~ 

■V 

3 

— 

J 

V 

;/ 

-~ 

w 

C    ' 

c 

■• 

TJ 

C/5 

•c 

■r 

O 

— 

X 

■>■ 

< 

— 

■• 

^  i: 

f,         X 
X 


:?  —  c  a  r, 

«  i.  u  •  > 

X  >»  ^  =;  X 

X  —  X  —  - 

n  2;  -f  Of 


?  —    X 


:s        n;        — 


a       '-       ~-       - 


,-        ^        X 


-57- 


r    r,  r   r.  r  c. 


H  H 

-  c  r 

I        $■ 

X 

3 


—  HM—           •       —  C—  C? 

—  V  v    M          »    —  —  :^   — 

U    •      •      —           T.     M  C>.     II  C                  —     .-     U      II      U 

—   c    -^  T  r    ~    I    j>  r^  r.    c    r    H  —   -:•  -^  V 

-r,    -y^;«.i^^- , 


—  • ■   —        tv. 


*   >J    »   -< 
■z    -    c^ 
■^   z.    *   < 


^\)  c*. 


»   s        — 


—        tr 


<r,         —  — « 


r»)  as 

X  -• 

X 


c 
-z  n 

3    * 


-58- 


r   r  c;  c.  r.  r   r.  c 


-nun 

H  F—       — 

—    •       7 


7  t    a 

-    ? 


—  —   ;.    to 


M  —  x;  N,    4.  >-    ^   ? 


%;  n  — 

3  — 


X    C/J 

I 


X  X 

-<.  t» 

3  Z. 

-•  I 

on  fT^ 


— .  X 


-59- 


■■^-    ■/    'J    u 


c  CO  n    M   c/i 


T  X  X  t;  T  - 

-J  c>  o.  .V  —  ~ 

i  ^'  ;r  J-  ,:-  ^ 

cr.  o-  j-  ;/;  cr.  X 

T  T  T  T  X  - 

—  —  II 

u  a  u  n  n  — 


r    -r    -r    c    T 


X    — 


:r    -^   ^ 


•60 


V.    vC    IV.  (V.  IV 


V  i    t    r.    — 


*  ^  ^  £  cr  »    o'   ii  i        ^ 

«5    X  ^    — 


-61- 


c  c  c  c 

c 

c 

c 

~ 

c 

o  c 

c 

c 

c 

c 

o 

o 

X. 

c 

o  o  o  o 

r- 

»— 

^- 

^- 

o 

c  o  o  c 

o 

6  o 

o 

vO 

o 

OJ  N)  ►-  O 

^ 

OJ 

Nj 

o 

O  00   -«J  O  U1 

^ 

OJ 

N)  O 

«o 

^- 

t— 

r^ 

f^ 

^. 

^.         p- 

»  Ti  -n  Ti  -n 

X 

-n 

•o  r- 

Tl 

Tl 

Tl 

Tl 

Tl   Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

o 

« 

>  O  CD  OO 

—  O  O  O  O 

<• 

o  CD  m  c 

ooooooooooo 

o 

o 

■O 

00  «   Tl  C 

n   JO  X    70   J3 

-n 

73  Q  O 

73 

73 

73 

73 

73   73 

73  » 

;o 

73 

73 

7) 

73 

XI 

X 

03 

>    X  "•      03 

m  X  T  2  X 

^ 

X 

>• 

X 

X 

2 

X 

X   X 

X 

2 

X 

X 

X 

X 

X 

X 

m  Q 

— •  m  "o  » 

•    >  >  >  > 

>  (M  O   > 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

>  2 

m 

^  2  00  o 

vn  -H  -H  -i  -1 

rv) 

— » 

X 

73 

-H 

-^ 

•H 

—1 

— t  —i 

-^ 

-H 

—i 

-* 

-i 

-H 

-H 

00 

— . 

O  oo-     C 

O 

•     — 1   X)   — 1 

^ 

a< 

00 

m 

^ 

^- 

(Jl 

f 

\JI  1— 

V/l 

VJI 

f 

^- 

^^ 

«_• 

^^ 

^.. 

o  o 

>-    O    03    — 

^-  I  I  o  o 

■n 

X 

X 

X 

TO 

X 

X 

X 

X 

X  X 

X 

X 

X 

X 

X 

O  Tl 

X 

X 

« 

O  2  O  2 

►-  o  o  X  X 

o 

m 

00 

o 

o 

•   o 

O  O  O  X 

o 

^> 

«-       mm 

X  -    -    -    - 

70 

Tl 

N» 

X 

•• 

•• 

<• 

>c 

^-  • 

^^ 

i>a 

« 

« 

•• 

73 

«^ 

« 

m 

o 

— (  a>  sO  o.'  oj 

X 

O 

■— 1 

"C 

Ul 

o 

f— 

X 

J' 

NJ  *> 

rvj 

fNJ 

^ 

sO 

■^ 

OJ   X 

sO 

"o 

>  o  m  X) 

O  X  X   .-  1- 

> 

» 

N) 

• 

X 

X 

*^ 

73 

X 

X   X 

X 

X 

X 

X 

X 

o 

> 

X 

,« 

C  O  "O  (D 

-t  ~-    I  I 

— » 

N> 

« 

« 

2 

X 

> 

•• 

m  • 

— ( 

X 

^^ 

■0 

o  ~  »   o 

>  Z  ►-  l/^  00  (/I 

« 

N> 

•o 

00 

C 

» 

-i 

.O  2  e- 

o  o 

H' 

OJ 

-o 

00 

>  o 

03 

—  -^  m  c 

r-  o  o  -t  -t 

-^ 

X 

03 

X 

X 

rsj 

•-» 

X 

— (  N) 

-H 

^ 

00 

X 

2 

(\) 

.» 

o 

>-  -    -o  -1 

exec 

Tl 

X 

.« 

o 

73 

c:  03  2 

70 

»  X 

> 

I> 

X 

X 

2 

OO 

Tl 

« 

« 

O   ►-   3D 

(- 

I/O  CO  •-.  o  o  o 

Tl 

> 

m 

X 

O 

> 

■<  m  r- 

f- 

>  CD  m 

o 

H' 

m 

r^ 

•     o  -     — 

>  -H  2  m  m  ;o 

■n 

O 

-^ 

70 

Tl 

^ 

2 

<  m 

— 1 

73 

7) 

.^ 

•Q  O 

00 

r-  »  o  2  z 

0^ 

1— « 

■• 

>— 1 

CD 

1— I 

■D   -H 

-o 

00 

m 

f- 

C 

> 

73 

■m 

O  ■•     00  O 

m  -<  c  -H  -t  </) 

• 

fSJ 

Z  rvJ 

XI 

2 

Z)  73 

73 

> 

T) 

l_l 

m 

n 

>_i 

^ 

.i. 

,^ 

w  O-     O 

^^ 

I/)  «     (/I  (/»  00   H  N> 

■• 

O 

X 

X 

"• 

O  O  -< 

O  r- 

>  m  2  -(  z 

t» 

o 

-     O  H« 

2 

•      fS)  -H 

c 

«» 

1^ 

" 

00 

Tl 

Tl 

Ti  m  o  < 

—i 

O  00 

O 

«  X  -o  n 

O 

v;i  X  ^  •—  00 

o 

X 

l> 

Ul 

•^ 

> 

—  -o 

^> 

00 

(T, 

m 

7) 

;o 

-i 

« 

Tl   -1   73  O 

X-    -<  z  c 

m 

« 

« 

X 

00 

• 

— t  JO 

-H 

•< 

oo 

■X 

<• 

>_ 

2  --     X 

o 

-    ►-        -*  2  z 

Tl 

rs) 

-o 

m 

(S3 

•• 

•-I 

•• 

■D 

1— 1 

c 

■H  O 

—  ^-   -O   H 

Tl 

> 

-  o  00  m  2 

-* 

P- 

X 

73 

r- 

«> 

Tl 

-   n 

•• 

Tl 

73 

H 

■— 1 

O  O 

00  2  NJ  OC  OJ  * 

-o 

M  I  -(  »  > 

00 

O 

« 

•—1 

(- 

•^ 

Tl  m 

Tl 

>— 

i-m 

w  c 

— 1 

»> 

-     — •     2 

00 

■D 

X  o  >  «  :» 

• 

^^ 

n 

I—I 

« 

^^ 

r-> 

ro 

n  a 

-< 

o 

r^ 

rs 

►-  -     73  XI 

c 

m 

-t  ;o  -»  X  -< 

O 

NJ 

o 

m  2 

rvj 

rsj  • 

fVJ 

• 

m 

73 

■o 

73 

O  O  O  2  >  • 

CD 

2 

o  «  « 

c 

« 

X 

« 

o 

•^ 

•      Tl 

• 

l\; 

C  00 

« 

«     Tl  H-i  z 

X) 

o 

-»  O  00  O  O  -1 

M 

OD   Ct- 

N)  O 

(VJ 

-^ 

•• 

2 

■• 

H> 

1-   >«      Tl 

o 

>  •   -»  c  c 

■V 

X 

m 

X 

<-" 

—  • 

—» 

TTl  O 

O 

-i 

O  O  ~  73  > 

c 

X 

r-      —  -t  -1 

c 

• 

00 

•• 

2 

fS3 

0« 

-H 

1 

c 

X 

—  »-  03  •• 

—1 

2  n   -O   T3 

H 

Tl 

—i 

VJ> 

^. 

<• 

■H 

3D 

■•    O  — '  2 

1 

-O  C  00  c  c 

1— 

X 

— * 

N> 

t-m 

■c 

7)  ~  »     Tl 

2 

»  X 1  -1 

O 

-o 

on 

X 

— • 

> 

2 

c 

►- 

>-    X  o 

m 

Tl 

o  • 

• 

73 

> 

•-« 

r~ 

o 

H 

O 

Tl  2  03  « 

■n  -         II 

N) 

■>« 

r" 

00 

r- 

c 

~  Tl  O  2 

T3 

—  Ni 

•• 

O  IT 

00 

« 

h-  o  -    « 

O 

-(  X       -n  -n 

■^ 

m 

oo 

X 

Tl 

■D 

o  -  «  -t 

o 

W      «                            ■— 1       >-• 

X 

■• 

•• 

•> 

■->■ 

73 

CB 

«    H-  o  « 

c 

sO       :»  73 

« 

o>> 

VJl 

73 

73 

-< 

^-  O  2  > 

— ) 

I          2  X 

Tl 

X 

X 

7^ 

2 

e- 

O  ■ T3 

> 

^- 

« 

■• 

m 

00 

« 

O 

n      -   - 

O 

00 

■>J 

—4 

i_i 

>•     >          > 

-H          N>  N) 

X 

X 

•^ 

X 

rs> 

1. 

73   -O          -O 

»            ►-   ■— 1 

(\J 

70 

"O 

> 

73 

OB  —          73 

N)  ISJ 

•• 

> 

73 

< 

vO 

> 

Tl  .- 

2         -     - 

Vjj 

•^ 

O 

m 

X 

-*  O         > 

C          sO  >0 

X 

»« 

Tl 

>i. 

►-  -              00 

X         XI 

•• 

2 

■— 1 

f- 

^. 

o  .-       > 

Tl 

O 

-1 

m 

-o 

O 

«    o 

■• 

•^ 

OO 

Tl 

m 

^  —      > 

M       -D  -a 

» 

05 

•• 

—i 

73 

« 

O  -           C 

X        rr,  m 

;v 

« 

(^ 

.^ 

■-« 

73 

w    >              O 

t;  3: 

fSJ 

X 

O 

03 

•      XI 

r—           ■—!>-• 

\r. 

X 

« 

o 

-O  73         — 

O           O    O 

X 

■• 

1— < 

«-. 

OO  -~          Tl 

X       o  o 

« 

00 

U1 

•• 

r— 

—  »-         2 

> 

Tl 

X 

X 

■■^ 

O 

►-  O 

<      -  • 

o 

>  c 

rsj 

O  -            73 

O  2 

-     >-          > 

.'         N)  (Sj 

Nj 

— < 

Tl 

.-   O          Tl 

—  — » 

•• 

• 

•— ' 

o  — 

62- 


r   c>  o  c^  n 


c;        C                             o        o        r^.-  "Nj 

H' 

X 

cr    X 

a  X  CD  I  0: 

^        ui                               00        ^        C  C 

»— 

coo 

0  0  0  c  0 

1-  O 

r-  0 

0    vO 

00000 

00  -4  0  v^  ^ 

0-0"0-0-0"0-0-0-0  —   -0-Ot3-020-D-0-0«  —   TJ-D 

0 

„ 

2  2  0 

-n 

-n  -n  0 

Tl  -n  T(  Tl  "n 

0*X)»»»»»»Ti3o»»;omox)Xi50-n-n?3;oo-no>o 

000 

00000 

.^ 

II 

II 

70 

XI   3D 

0 

73  73  73  70  JO 

0DZ2Z222Z2rn2Z2ZZ-«22Zm22Z 

vO  2 

«M 

2 

vO 

z 

S   2 

;o 

-z  s.  1.  :s.  -x. 

0D'^-H-(-«-H-«-«-t-D-1-«-1-H>O-l-H-i-0>-H-t 

<£) 

0 

0 

-n 

«o 

> 

>  >  0 

>  >  >  >  > 

•»                                                 1                                                  -^    a^ 

— 

0  > 

—i 

—>  -i 

m 

-H    -<    -i    — (    -H 

^ 

.-. 

.^ 

»^ 

,m. 

33 

II    0»00«00000  —  OOOOT1>0000«-N)00 

7^ 

^ 

^. 

1^ 

II 

*• 

►—  ^- 

00 

h'  f-   ^   h-'  ^ 

►- .- ^  >- o  -  o  o  o  ~  o  o  o  o  o      ooo-ooo 

vO 

• 

w> 

-D  •-   -1 

X 

X   X 

X  X  X  X  X 

,     UI«0rvj>DOvC05-g         OUl^N)—         OJOD^         oo>- 

H" 

• 

K-4 

« 

021 

0  •• 

0  0  0  0  • 

Z                                   ««»«0*«*«'-*                   voQ**** 

<• 

«o 

«» 

2 

00  00  m 

l_l 

-    ro 

>                     »;omm^-(-H-o2— '           m       — m.-i^ 

2 

>o 

00  —4 

rv) 

>  0>   <0  «0  M 

aj>-a-D--ooocpm                -err,  -o-oo 

•• 

•^ 

•-I  ?5  -n 

^  n; 

I   X    X   X  • 

—  —  ;o-.oxi ^-00020 

r-' 

CD  C  «- 

>o 

X  • 

Tl  ••     ••     «     0 

„^_««                    ^,    -03. 

^> 

1-  0  30 

X 

-    *• 

«-i  w  N)  ro  X 

m  H  00 

^   X 

35   ^   <0   00  - 

w— .wO"—                                                   —   —   fNJfSJ—. 

0  -1 

(—1 

U)  - 

3  X  I   X  — 

<jj                                             0            c_ 

*-  30 

N)  X  *n 

••     Tl   Tl   Tl  fVJ 

*^               -^ 

2  00  -i 

•• 

>  0 

Ol  —  -^   —  « 

« 

•n       > 

\j\  r-  . 

•X   73   7S   73  ^ 

C- 

0  0  (/I 

X 

r-  isj 

-     I  3  2  0 

II 

:o  C  ?«: 

■• 

•• 

ui       00  00  X 

^M 

2   -H 

h^ 

X  vji 

X  —              - 

« 

>   TD  - 

OJ 

>   X 

"D  00  N-   P-  — 

t— ' 

•H  C   00 

X 

<  • 

30         2  2  IS) 

00 

•-«   -1 

> 

m  -n 

.—  00                - 

TO  PRINT  I0C(1,I)  COPIES  OF 
-  WHICH  GIVES  JUST  ABOUT  Al 
ON 

r- 
r- 

X 
> 
< 
m 

f— 
m 
-n 

r-  0 
m  • 
-n  ro 

-H  • 

—    VJ1 

X 

■n 
0 

\j\ 

X 

-n 
0 

7X,F6.2,6X,F12.2,5X,F12.2) 
CURRENT  INDUSTRY  -  ,12) 
ORIGINAL  INDUSTRY  -  , 12) 
TILL  IN  ORIGINAL  INDUSTRY) 
CE,8X,5HSALES,8X,7HPR0FITS,' 

-63- 


r  r-,  n  r  r 


o 

C 

o 

c 

o 

O 

o 

o 

O 

^ 

00 

o 

yji 

^^ 

N> 

•- 

u»  rv 

^ 

^ 

-0  « 

-  ^  o  -o 

■o 

-o  r>  -o  (D 

-O   Ma 

o  -o  -o 

■o 

■o  -o 

o 

X  o 

7^ 

_■ 

O 

M 

z  o 

o 

^   "O 

JO  -n 

7J  O  » 

7) 

73  O 

73  O 

7)  Tl 

o 

X 

» 

7» 

7)   7J 

o  o  o  o 

Tl  O 

Tl 

>o 

o 

M      73 

■>a 

l-a 

l-« 

z 

Ma 

Ma    «i> 

•-• 

MM 

Ma 

»M    fm 

II 

II 

.ia. 

II 

z 

73      MM 

z  - 

z  00  z 

2 

z 

z  -< 

z  z 

00 

z  z 

z  z  z 

GO 

MM 

-H 

■-M 

00 

z 

Z  00 

■H 

>  z 

-4  -n 

-i  o 

-H 

^ 

•H 

■>M 

-«  o 

-^  Tl 

o 

^ 

-^ 

-H 

-^  -H 

o  o  o  o  o 

MM 

> 

Tl 

f,m 

Tl   —I 

z 

»J1 

z 

> 

^ 

>o 

o 

ZOO 

>  o 

z 

00  — 

OS 

OD 

00 

«o  c 

00  oe 

00  — . 

05 

00 

vO 

00   M- 

OM 

00 

M> 

a- 

c 

MM      M* 

o  .- 

o  r-  o  o 

<omooor-i-oo 

«£ 

O  O 

7? 

*- 

O 

MM 

^ 

c_ 

00 

MM 

•4 

m 

-   o 

o  •    »-  — 

O    II 

o  o 

-o  >o 

o  ^ 

M*    •>« 

II 

o  o 

■D 

.O 

o  o 

■o 

II 

M 

OJ 

M 

M 

II 

o 

._ 

II 

O  -1 

C_    M- 

-^  «  -t  -n 

>o  •- 

OD 

VJ1 

73  >0 

^ 

p-  ^» 

^- 

OJ 

N) 

7)  >C 

o  >- 

X 

►- 

Ma 

c_ 

Ma 

o 

3: 

C  X 

—  ^ 

-     VI 

«   •• 

« 

i-a 

« 

« 

•» 

Ml 

-    - 

MM 

•• 

>» 

•_> 

w. 

M 

m 

« 

••    « 

c         -^ 

—  z 

"^ 

Z 

r- 

1—   h- 

z 

Z 

Ma   "— 

Z 

^ 

•_> 

z 

Oi 

o 

z 

X  XI  v> 

TO    " 

~  O  I 

-n  J. 

-i 

« 

-     O 

MM 

-H 

-n  o 

-1 

n 

> 

PM 

/«; 

>  c 

V.  Tl 

1   ?o  m 

z 

z 

z  ^ 

— t 

z  o 

00 

o 

— ^ 

Z  -t  00 

~  z 

Ma  i-a 

«~ 

■M 

-n 

Tl- 

iM 

-  3 

MM 

o 

-i 

r- 

w  o  -n 

t— ' 

Z 

o 

O    M- 

Z 

o 

-J 

O 

M   Tl  O 

«       M- 

•• 

■n 

» 

—  o 

■n 

«    -> 

m 

M 

o 

moo 

<_    • 

00  Z  73 

Ma 

o 

f- 

t—  ►- 

O 

«  n  z 

OD 

CO 

7)  73  7^ 

O  >  X 

« 

70 

'W 

•_•  •• 

7J 

••    -^ 

-H 

f— 

m 

O 

M        ■> 

-J  r- 

P" 

2 

« 

PM 

X 

t_  >. 

MM 

o 

m 

«    m  t; 

73  C 

•> 

> 

z 

o 

> 

~  f- 

Tl 

>   73 

00  — 

00  —  </> 

• 

■H 

-n 

fVJ 

-« 

'•    II 

MM 

00 

MM 

Tl    M 

o  z 

*M 

■M 

> 

MM    Ma 

m 

o 

Tl 

O  I  z 

o«  o  > 

T1 

o 

O 

Tl  « 

73 

N> 

Z          -H 

^   Tl 

-   c  z 

z 

z 

r- 

z 

Z  H- 

VI 

> 

•~   Tl  (/) 

-      Z 

00  t/1 

•v 

—  00 

z 

MM     •— 

c  — 

o  -<  m 

M 

o 

<• 

o 

N)  — 

■< 

•     75  -M 

—  N) 

•^  73  Z 

« 

z 

■0 

z 

•• 

C  i  O 

-<   -H 

>» 

CD 

MM 

■n 

~-      o 

■o  — 

» 

« 

T 

.». 

> 

« 

H4 

MM    Ma 

COM 

> 

f- 

«-> 

r- 

f- 

C 

;o 

o  z  *> 

O  t- 

o 

TJ    Ma    ►- 
—    2    — 

m  o 
c/^  c  o 

on  O 


7J  •  O 

MM  Tl 
Z     MM 

-1   Tl  C/1 

m  — ( 

o  -'  c 

•    o  o 

o  m 

--  z 

^  -I 


03  t_ 

o  — 
m  >• 


(/I 


c 
00  3: 


.6V 


,     OS  a 

X     ^ 

-• 

^ 

/^ 

t: 

rr 

a 

•r 

a 

'        M   N» 

1\J  N, 

•-_ 

o 

1— 

C 

O 

»— 

,— 

o 

V/t  ^^ 

W  fS* 

'" 

fSj 

O  vC 

a> 

(V 

'- 

CT-OZ  —  O^Z  — 

O 

■o 

z 

„ 

^ 

7^ 

^ 

•n 

-n 

^ 

z 

o 

o  o  o 

■o  o 

-O  CT 

■o 

-  z  x» 

-o  -  o 

ooo-T»onoTioooTic5 

II 

> 

-n 

II 

■n 

Tl 

o 

c  o 

— • 

:3D  o 

»  O 

:o 

-n  o  » 

»  o  o 

o  o  — 

o  o  - 

o  o 

«~ 

II 

■n 

M 

II 

•>• 

II 

z 

z 

KiM 

•-• 

•—• 

•-< 

-~  II  ►- 

►-  II 

-.    M     II    -  -* 

II 

II  •-« 

-H 

II 

II 

IX 

?c 

T» 

Tl  O 

-» 

z 

00 

-i 

-^ 

O   Z  OD  Z 

— 1 

z 

z  z  z 

Z  —  -H 

o  o  ^  >  o 

tm 

►-  >  a  o  o 

> 

■n 

*^ 

o 

z 

■n 

«£) 

•-• 

KM 

•• 

-»  o 

•H 

o 

^ 

a  Tl  -i 

-1  -n  o 

•       1 

t 

* 

1 

^M 

«> 

■n 

> 

vO 

z 

Z 

f- 

00 

«-  > 

z 

00                f"  CD 

UJ 

00 

O   fS* 

•^ 

c  c 

«^ 

00 

CE 

03 

00 

-^  00 

<0  ~  00 

IVJ                —  N» 

N> 

00 

^> 

« 

•-« 

>— 

m 

m 

or-ooooB«o 

vO  ^  o 

-J                 ^ 

-"J 

M 

> 

CM 

•-■ 

O  oo 

•^ 

n 

II 

■-M    i-a 

— 1 

O    II 

o  «o 

f 

^  o  o 

.o-   -o 

00 

00 

fv> 

« 

.^ 

z 

m  <o 

X 

t^ 

z  z 

X 

>£>  ►- 

00 

o 

K-    —    0- 

>o  »- 

Ni 

f\J 

o  o 

vO 

m 

« 

-H 

m 

>•    <• 

0' 

> 

00  O 

c 

KM 

o  z 

>-•  m 

«  z 

00          — 

t- 

« 

rvj 

00  -o  00 

:i^ 

•-• 

o  yo 

z 

-n  o 

.-      o 

00 

a 

■H 

T 

^ 

— ^ 

o  « 

m 

z 

IS* 

f>0 

« 

» 

m 

>o 

-i 

~  2 

X 

« 

\J» 

u> 

00 

m 

» 

« 

o 

f\> 

-H 

PM 

CD 

fSJ 

m 

-J 

-     O 

« 

OB 

CD 

N> 

i/» 

■aa 

o 

C/1 

-  c 

•^ 

W« 

ro 

rv* 

N) 

O  N» 

m 

—  -H 

> 

o 

c 

^^ 

o 

>• 

o 

< 
m 

m 

-n 

> 
z 
-< 

-n 

7D 

3t 

> 

•T3 

o 

—  < 

Ul  •-• 

o 

z 
r- 

00 

00 

•H 

o 

■o 
X) 

z 

« 

-n 

z 

tSJ 

>• 
O 

r- 

z 

» 

-<  O 

> 

-n 

m 

z 

■o 

z 

-n  o 
c  o 

>  m 

-i  (A 


f  C 

r-  o 

m  m 

o  z 

Tl  00 

c 

7S 


65- 


4   00 


cc  a 


-  2  <n  -. 
m  o  o  O  I 
-n  Ti       -n 

H     II    -H    H 

>-  ^  o  o 


-n  o  o  m 

— >  -n  -n 

•>«  -«  II    II 

>  o  o  o 
( 

IS)   OB 


z  — 
o  -n 
-n  — 
II  — 


o  -<  — 

o  o  m 

-n  -n 


CP    II 

II  -n 

I 
> 


•-  —  ooono-nooo-noon 
IIIIOO       oo—       oo~       oo 

X  00    II     II    -I    II     II    —  -<    II     II    — •  -4    II     II 
—  0>-000»-OCO»-^03000 

in..        •    •     I       .    .     I       .    . 

2    +  00  (-03  VjJ  OB 

■n  o  o  o  ^  *  ^ 

1—  m       o  00  00 

31-1-0  OJ  f 

I/O  -^         O  «  ■• 

TO  00  OS 

r-  m  1^  u) 

z  ;o  fv>  o 


—   T3   Z 
TOO 

~  o  o 


z  < 

o  m 


?o  z 

-<  T 
O 


•66- 


3?  ^  »  t/»  -O 

■n  Ti  o  n  o 

11   II  -n  -n  TI 

7C  -U  II     II  II 


oooo-nooooTioonoTioonoTioo 
-nTTi— >       "TiTiTi—       •niiTi— ■       -n-n-n—       -n 

-<  II  II   II  —  -«  II  II   II  —  -«  II   II  II  —  -H  II   II   II  -.  -H  II 


or 

CO 

-C 

r.-, 

~ 

rx 

i- 

t- 

^ 

^ 

^ 

J- 

O 

\J\ 

■^ 

OJ 

N) 

•- 

{/> 

-o 

„ 

O 

?3  l/>  -O 

„ 

o 

» 

t/l 

■o 

^ 

o  o  "TI  o  o  o  n 

TI  O  O  O  O 

TI 

O 

•n 

T 

» 

TI 

Ti  -n 

,_ 

TI 

TI 

-n 

.« 

TI 

H 

II 

— 

-i 

II 

II    II 

—I 

-i 

II 

II 

II 

» 

II 

O  03  o  o  o 


03  O  O  O  O  CD 


>  TI  O 

n  m  -» 

o  Tl  o 

2  -f  •" 


a> 

vji  oc 

^   CX5 

U»   OD 

oi 

w    Ul 

~  \J1 

w   VJ1 

a 

a 

O' 

a« 

^ 

*• 

^ 

« 

<o 

-g 

Ul 

00 

« 

« 

« 

^ 

00 

00 

OB 

N 

* 

^ 

*> 

• 

00 

o 

^ 

00 

•• 

« 

• 

*^ 

00 

00 

00 

OJ 

*« 

4^ 

*- 

>o 

«J 

Ul 

c-  -^                  a  rx        jE 

^  -g                    .c  u-         u- 

W  >0                        IVJ  OC          ->i 

«C7>i/»-o>-i«o-o-o-o 

r»-ox>(/i-D2  —  02 

•nu    H    u    ii(-~o;o;o;c 

0  »  II    II    II  >  -n  0  > 

—  >>>>!!    II         — -,— 

2  «  ;o  (/I  -0  II  -.       II 

r-C-Ot/0-O«  —  CBZ22 

-1Z»»»2X-H2 

1   o;o>  —  -n-noc-H-^-i 

i-.-<»(/i-o>»-o> 

t- -"ZZ  a> 

2      0  n  0  ♦  —       « 

—  •-.«—- OOQB<£) 

C0DaOO2         ■>I2 

,     •     •     »-fVJ^|-00>0 

mo               0  00  -g  0 

»r-p-r-w««     HOOvO 

t) 

0               0  >o  »o  -n 

<^www      «»-.^oovj)so 

» 

^                           OJ 

o                  •  «  ,       • 

•_> 

■•                     • 

i-r-  z      « 

2 

r-                    OB 

a                    w  w  -n 

-H 

sC 

rsj  a  re 

IV-       -Nl       -J 

ro  00  o^ 


«-•  ;0  (/I  T3  z  o  -o 

-n  II    II    II  >  o  » 

—  -I  -H  -o  II          I— 

-•  -O  00  03  2  -1  2 

I    ;»  —  —  -n  o  -I 

r-  ~  r-  I-  j> 

w  r- oc  CD 

—  (-.00 

CO  w    (^    H' 

\ji  I- 


2  2 

n  -n 
o  > 


r-  o  o 

MOO 
►-   U>  IM 


>•     CD   ■>! 
2  «0  OD 

■n  v*>  « 
o  ■•    00 

—  M   ->( 

r-  (sj  00 


^  CD  »- 

sO  o  o 

-c  o  o  -o 

vo  f-  •-  :xi 

2  ~  —  2 

-t  Ti  n  -I 

2  o 

«  —  2  — 

2  ^10 

-n  -  ~  m 

o  -.  f-  2 


00  2    —  03 

03  o  o  ^ 

00  ~  Z  vO 

^  03    >-  <_ 

^  «C  ••  II 

II  «C  (_  ^ 


2 

o       — 

c 


.6&- 


zmoo»t_  —  c_  —  Till    II    II 
o  -H  z  z  "-  II    II    II    II  —  c  :»  (/> 

CH-HZ'-'  —  —   —  —    »♦♦ 

-z.  "z  "z.       »-»«»inon 
ccoD^  —  i--<t-«-n-n-n 
mmo'TimoO'-- 
o  -n  ■"  -n  -n 
^  a 


-69- 


vC  sf;  >0  vC'  >ti  v/5  >i; 


??0>>o«-  -n-n 

mo;»»0"n  Z2 

>        CD  >         —  OH 

0-i«-  —  vOZ  HZ 

o o  "o  -n  Tj 

^  ^   ►-  KO     I  Z 

o  ,0  —  —        H-  I 

O  O    II     II    •-•  —  »— 

u<  vj»  3D  »  II       n  » 


^        yt  7}  ^■» 

0:  >  ►-  >o  0 

0  0  c»  >-    - 

—  >-  -    0  IE 

00  0  •-  •-  z  > 

Z  ►-   T5 

-     3E » 

^  „  ►,  •    c 

~  —  -1  vC   -1 

0  C  —  -'         — 

0  m 

<^  -li*-  -♦-     - 

►— 

••    m  "n  Ti      ?« 

••    ■-« 

sO       z  z       - 

^  z 

0  -n  0  n      • 

0  0 

05  —  »  »       :^ 

OJ  C 

z  »  ;o      ^ 


< « 

m  •-.  «  H 

X)    —    w  «- 

>  —  w  « 

c>  ■^^  >.  — 


C; 

0 

c 

C-- 

0 

vC 

0 

C 

C 

0 

0 

c 

0  0 

c  0 

vjl  * 

OJ 

fvj 

sO 

0 

•- 

0 

73 

0 

Tl 

■n 

Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

CO 

a: 

ocooocooc 

Z 

-n 

z 

7) 

73 

73 

» 

73 

73 

7) 

X 

CD 

m 

_ 

m 

z 

3: 

3: 

X 

3: 

jC 

3E 

■X 

73 

z 

r^ 

z 

> 

>  >  > 

> 

>  > 

>  0 

«/l  0  CO 

—i 

■H 

-« 

■H   -1   C 

•H 

0 

t-t 

0 

»x 

00 

^^ 

•£> 

^. 

H« 

^> 

^- 

>  -» 

z  0 

z  0 

X 

I 

X 

X 

X 

0 

X 

2 

Z  I 

_• 

Tl 

« 

0 

« 

0 

X 

m 

0  — 

> 

« 

z 

OD 

r\j 

»_ 

,^ 

•• 

Ul 

73 

!.« 

-n 

-J 

M 

\J1 

W 

vo  n 

■0 

>  m 

>  N) 

rs) 

X 

X 

-J 

X 

t> 

33  73 

■— I 

0 

.». 

w 

- 

« 

OC 

« 

X 

•• 

73 

«  0 

— • 

•~ 

^^ 

-w 

^ 

X 

00 

> 

> 

2  C 

r-< 

h^ 

0 

X 

I 

- 

I 

< 

M 

«-. 

-H  -H 

c  0 

« 

Tl 

Tl 

m 

z 

t/1  — 

.» 

« 

Tl 

»M 

00  Z 

7) 

H' 

Z 

« 

« 

Z 

00 

73 

0 

> 

•>4 

H 

•-I  m 

>  0 

-n 

• 

2  N>  C 

0  > 

■• 

> 

73  0  0 

IS) 

« 

CO 

m  *« 

z 

70  73 

CD 

Z 

— > 

« 

00  0 

^ 

>« 

Tl 

m 

-1 

^' 

cr- 

X 

X  73 

73 

> 

0  > 

«~ 

.^ 

0 

X 

- 

•• 

■< 

> 

« 

0  0 

f 

h- 

« 

00 

Tl 

—I 

2 

•0  1/1 

0 

00 

• 

Tl 

I 

00 

0- 

•_■ 

Tl 

>-< 

00 

30 

• 

X 

z 

0 

m  0 

« 

Tl 

» 

> 

N> 

>• 

0 

CO  r- 

> 

z 

r<j 

-^ 

OD 

CO 

z 

0 

73 

~ 

»-• 

*« 

X 

■D 

0 

> 

rv) 

z 

73 

> 

-n  I 

Tl 

« 

0 

> 

H 

•—1 

— • 

(-• 

— t 

> 

>  (^ 

H" 

0 

> 

»>» 

-^ 

73 

-H 

0 

2 

X 

— 

(/I  0 

•m 

t^ 

c^ 

0 

m 

■_• 

C    73 

H- 

0 

X 

Tl 

3   -C 

0 

<_• 

« 

> 

m 

Z 

2 

•• 

00 

« 

z 

>• 

>  n 

« 

73 

I 

a 

0 

73 

»  > 

> 

> 

73 

X 

> 

-<  73 

7) 

1— I 

> 

« 

0 

■-• 

0 

CD 

»>. 

-^ 

00 

Tl 

« 

0  00 

-n 

f 

l-a 

I 

73 

Tl  <• 

~ 

0 

z 

0 

73 

> 

m 

CD 

-I  -0 

0 

>• 

-i 

30 

« 

I  C 

73 

CD 

1^ 

73 

m  z 

H- 

03 

z 

0 

> 

0 

0 

rM 

0 

0 

Tl 

>  I 

—. 

"• 

<  m 

p- 

03 

•• 

73 

m  00 

0 

■— > 

CD 

73 

M 

Tl 

>  z 

•• 

.^ 

•• 

0  m 

73 

■-• 

m  X 

> 
T» 

m 
0 

X'  0 

- 

>  2 

^ 

0 

70- 


—         -O  2  O  -O 

o  o  o  o 

■n      c 

oo 

C 

o  o  o  o 

—      z 

II 

2 

2  2  2 

-       n  2  >D  o 

-<  -<    -i   -H 

>         T 

Tl 

H» 

I 

M<     v«     IM     O 

73 

O  ^ 

2  2  2 

^             sO 

>o 

C  C  C  vO 

O 

•-a 

1-4 

o 

^  -D  O 

«« 

II 

O  -D 

OD 

■c  yo  \jf 

^-• 

<J<  C 

^  —  - 

« 

"     2 

-    2  - 

2 

—  O 

.O  -<  > 

■— ■ 

>  I 

O         » 

•H 

30 

*  ►-  > 

>  2 

•    >  -n 

•—  m 

»o  »  — 

—  I 

M          —• 

7? 

or-- 

—  > 

—  <_ 

»     < 

</»  — 

X  m 

-^•» 

II    JO 

CO  c 

►-  > 

II 

-  o 

o  ^ 

2  m 

■n  • 

•-•  t/> 

2 

-^ 

-4  O 

—  o 

I  - 

-     2 

m  - 

j_ 

>  I 

2  > 

;»  »• 

m  JO 

a  (/> 

►,  «  2  2  -J  — 


^  C_   C_   N) 


«o        ^  — 


00>J»>-«0-"0220         »20  0I»>02 
00»»-n-nOTno>oo       mooojojooo 

2  CP  > -"  II     II  >    II  OD  >  II 

-t-«-n-n-.  —  sOZ^Z2>o  oZvO-t-n-ny02 

•-■o  —  ~-Ti-n^->»— TiTi^  -noo OT1 

2      «<-i22uj-'03>ocx)  »oa-o      —  —  ->)  a 

c«o«>» -"^  o—       ,£--        ~ 

m»-^c_ro^-?<:^c_i-ii-i-<  o»-i-i^-c_c_c_  — 
OD  —  w«»     iiH'ii ii-nvji~iio  —  —ii- 
ii    II  I—  •—  »-  oj  ^           ►-  >-i  ••        ^        II    II  ^ 

7}  73  7i  7i  Z  f  Z  2(/l>         2         »     *     Z 

a:> >H-0  —  -IPO        «  o 

-n  Tl  I    I        uj  -H      >       -I 


-n  Tl  >o  - 

2  2^ 

o  o  O^ 

#  ♦  - 

>  >  »0• 
»  ?3  ►- 
OD  >   -^ 


7^   ?«   «0  vO 

rf  -+-  UJ  OJ 

Tl   Tl  •  "• 

2   Z  O  vO 

O  O  >-  ^ 

>>••"• 

»  ;io  >0  <o 

CD  >  »-  f- 

•n  Tl  u>  oj 


o  ~ 

o  — 

7^  - 


o- 

»  JK 

It 

>  ►- 

-n  2 


»-  Tl 
H  — 


>   ■• 

-1  2 
-  O 


o  r- 

•-  II 

2  ►- 

J>« 

r-  2 

O 

2 
O 

c 


71- 


C-t-tZ>02Z-OZ22.0Z22ZvO 
^^^_,^,^n•H^J-t-(-l^^o-(-(-^-«OD 
zzzNJoro  ►-  00 

CCsO         •'»>o  \0  >0  \D         \D  \0  \D  ^^ 

Oll«-y0lt0>00ll0<£)007<: 


T3  O  — . 

o  > 
3E  ;o 


-72- 

Appendix  H 
Sample  Output 

Contents 

page 

Parameter  Summary   73 

Side  Payment  Summary    74 

Instructor's  Output     75 

Students'  Interim  Output  (Output  Codes  33  37)   76 

Students'  Interim  Output  (Output  Codes  00  00)   77 

Students'  Summary  Output    78 

Average  Rating  Summary    79 


73- 


fe     &     *.     £. 


<r  o-  3  o.  c 


u  \.  a  t^-  X 


c  o  c  c  c 


V    3   a:   c  c/> 


-74- 


:,  \-  ^  7 


rr 
—    .-    fc    rr 


-75- 


O     (V   l\.    N.    »- 

C    t^     O.    V    ■— 


V  ^-   IV    IV    ^ 

or  <j  V    c  r 


y^  r-        ^2  c  c  »T 

. |T 

—  —  a     3  I»  *»  I 

.2  -*  -  r-  .-  r 

T.    T  T  ^  rr 

J-  f  T    :t  ;c  t> 

w   —  c  r-  X 

"^  n  T  rr  J, 


IV;    3^  — 


y  cr   T  3- 

—  i>.   a   J-  iT 

o  a  >j  vc  r- 

y  Oj  C    'J-  O   rr 


<C    -J!    OC   3    O 


-c  ^  X  o-  a  X  ~ 

t/  o-  —  iv  cr  c  tr 

a  :i.  -c  o.  >c  -r 

«£  •-  fc  vc  a  —  li. 

.-  o-  —  ►-  a  -(  j> 


X  at. 


(v;  rv:  IV  V  IV 


■X  (J  <j   o-  <j  — 


re  tv  ^■'  N3  IV 


IV   V  X.    V  o. 


-76- 


C  -L 

X  IT 

—       e 


e  C7. 


Ck    J>     N,  I- 

vt  c  cr  (- 
vji  —  o;  fTi 


zr 

a:,  <r 


J"  c»  cr  u   z 


U  X  3C  — 

•  •  •    c/: 

X.  a  c^ 

u  u  a 


D 


a 

^3  35 


w   a 


>-  fO  (V  oj  j» 

O   —    N.  c  f- 

"^  A.  vc  tn 

IVJ   C»    (J  OC  X 


77- 


•      Ci 


vj  f- 
(X 


78- 


c^  c-  ~ 


T  T 

IV  V  %.  r  -I 

•    •    •    —  X 

o  o  c  r 

<=  c  c   rr  tr 


u  IV  iv;  ivj 

V    Si   o.  V 


t»-  o.  IV    .-  o 


^  {i  £>  A 


C   (T 


•c  =    (J-  - 

tr>  —    or  .-r 


•—   a.  (-r  J        o: 

=    -*   V,  »c         (- 

(X  OJ  o  tr  =  m 


^'    C*    J"    Om     £.  c/; 


V.  v:  V.  ;s. 

1 

>C   V;    ~   X  O     X 

1 

T. 

"^  c: 

c  o  CO  c 
cj-  c    :r   -r 
c  -  c.  — 
o.  IV  a  — 
•    .    .    cr 

OJ 

O     JS    »f    c     c    T 
'0  —    <».  -c  O:    — 
—    T  —  -    X  ^ 
•      •      >      •      *     03 
Ca    -n;  v.  v.  0^ 

(v 

IV)    M  fW    H- 
■^■=      -wT    .^    X 

►-  =    a  QL  — 

(V  cr  <>. 

n 

o«  vC 

cr  o'  tr 

cr  o    T  (V  X 

fi 

J 

»-    IV  IV    (V    — 


w  o  o 

C:    C    O    i 


'=>  •=   o  =    o 


C     VI   cr   IV 

c    a.  o  •- 

-•      3-   iJl    iC 


► 


V4    ft.   ic  CT 

o<  ►-    <*  >s.  X 

"v:  c»;  ex  a  X 

><    A  V  O!  c 


79- 


i&     Ck    C     £> 

*~  o.  V  — 


>*■        IN.  \;  v^  v       ^  >-  ^  « 


m  C2 
X  f- 

m  :s 


I    I     I 

IT  'Ji   V 
>~   3^  V 


tr  c  J  u- 


V  —   vC   V4         3    <T    'J-   a         >-  o- 


--  -    I 

O^     £>.     NJ 

.  ■£    •-    Vi 


1  —       vi  o'  ^.  ►- 


I      -  —       o 

0»  ►-   OJ   ►-      -t 


T.    V. 


t»^  (v;  "v  Ok        ^ 

—     NJ    C*    >—  vC 


J"  V    i:    XI  — 


I    »- 

at  -    Ik  >c 

:-  •-  ex:   >^ 


cr  A  vi  cr 
a  (v  cr  u- 


